COMPARISONS OF DATA TRANSMISSION TECHNIQUES 


_ The charts below show the relative time for data transmission by ‘Parallel’, and Asynchronous and Synchronous serial means. The binary 
designation for the letter “E” as defined in the ASCII specification is used in the example. 
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As it is quite evident from the above examples, the parallel data transfer is the quickest method to transfer data to a printer, 
resulting in the most throughput to the printer or other similar device. 


correct. Even a computer salesperson will recommend a 
foreign peripheral if essential to systems needs. 

Regardless of reasons for buying a complete subsystem 
from the computer manufacturer, it’s hard to justify their 
figures. Most computer manufacturers have a limited selec- 
tion of printers and printer speeds. Therefore, the user may 
have to settle for less performance than he really wants. And, 
at the same time, the cost differential is incredible when 
compared to ‘independent shopping.’’ For example, one 
major computer manufacturer offers a 300 lpm printer for its 
system at $13,500. But the user can easily buy a 600 lpm 
printer from a number of peripheral manufacturers for 
$8,000. Add to that a controller from an independent at about 
$2,000 and the user saves $3,500 to get twice the speed. If 
the user wants to settle for 300 lpm he can save $6,000 from 
an independent purchase. If both the printer and controller 
manufacturers are carefully selected based on reputation and 
established customer base, the user should have no problem 
with system support. Meanwhile, he’s saved a bundle. 

The customer may also choose to buy his complete printer 
subsystem from a printer manufacturer who offers such sub- 
systems. These companies have, in effect, done the cus- 
tomer’s independent shopping for him. The buyer still saves 
money. In addition he gets support for peripheral and con- 
troller from a single source. 

One of the special controller features that the buyer must 
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take into consideration is utilization of a printer VFU. A 
vertical format unit is a memory device that is used to control 
paper advance to predetermined areas of the page. Not all 
host software supports a VFU. The potential buyer must be 
aware of this loose end when selecting a printer from an 
independent to make sure he gets the options required. At the 
same time the controller must be configured to operate with 
VFU, either mechanical or electronic. 

Many printers provide graphics capability for printing 
block characters, bar codes, plotting, and foreign language 
sets. The controller must have the capability to transmit to 
these printers the required signals or control codes (prefer- 
ably under operation of the host computer standard printer/ 
driver routines). 

A final controller feature (which the buyer should be aware 
of) allows operation of the printer by the controller in- 
dependently from computer software. Many printers have a 
built-in self-test that can exercise up to 95% of the printer. 
What still remains unchecked, however, is the actual printer 
interface (drivers, receivers, connectors) presented to the 
controlling device. Ability of the printer controller to 
generate a test pattern, transmit it to the printer and cause the 
printer to print the pattern takes much of the guess work out 
of problem identification. Visual indicators on the controller 
(LEDs) offer additional assistance for troubleshooting and 
fault isolation. D 


Introducing the remarkable 132-column 
Paper Tiger™ 560. The first full-width matrix 
printer to give you fully formed characters 
for a low $1695. * 

The new 560 features a staggered nine- 
wire ballistic type print head that overlaps 
dots in both horizontal and vertical planes. 
It bi-directionally prints up to 150 dense, text 
quality characters per second. 

The 560 also features a reliable cartridge 
ribbon that lasts up to four times as long 


resents a breakthrough in matrix printin 
ring the user excellent print quality wit 
ce of a matrix printer. Employing a uni 
red column" head manufactured by Integr 
creates high quality printouts by overla 
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as spool and cassette ribbons, separate 
heavy-duty stepper motors to drive the print 
head and advance the paper, plus true 
tractor feed. 

And famous Paper Tiger performance 
comes with every new 560. Like fixed or 
proportionately spaced text, programmable 
tabbing and business forms control, auto- 
matic text justification, print formats to 220 
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columns, parallel and serial interfaces, seltf- 
diagnostics, and more. All inside the most 
compact printer of its kind. 

Need more stripes? Dotplot,” our high- 
resolution raster graphics package, is stan- 
dard on every 560. 

For data processing, word processing 
and small business applications, this is your 
Tiger. The business-sized Paper Tiger™ 560. 

It's a Tiger you can count on. 

Call TOLL FREE 800-258-1386 (In New 
Hampshire, Alaska and Hawaii, call 
603-673-9100.) Or write: Integral Data 
Systems, Inc., Milford, NH 03055. 


iger 


a Integral Data Systems, Inc. 


*Suggested single-unit U.S. price. Very generous OEM discounts available. 
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Special Issue | 


penetrates the jargon 


Use this listing of datacomm definitions to unravel 


the technology's specialized vocabulary. 


Whether you use it as a reference or an introduction, 
this. compilation of terms will prove a handy guide to 
datacomm concepts. Adapted with permission from 
Data Communications, A User’s Guide, by Ken 
Sherman (Reston Publishing Co, Reston, VA, 1980), it 
will help clarify your understanding of a complex and 
burgeoning field. 

ACD (automatic call distributor)}—A switching 
system that automatically distributes incoming calls to 
a centralized group of receivers in the sequence in 
which the calls are received. It holds calls until a 
receiver is available. 

AC signaling—Using ac signals or tones to transmit 
data and/or control signals. 

Acoustic coupler—A sound transducer connected to 
a modem that permits use of a telephone handset as a 
connection to the telephone-company network for 
data-transmission purposes. 

ACU (automatic calling unit)}—A device that 
automatically places a telephone call upon receiving 
information from a data-processing device. 

Algorithm—A prescribed set of well-defined rules or 
processes for finding a problem’s solution. 

Alphanumeric—Consisting of letters and numbers. 

Alternate route—A secondary communication path 
used to reach a destination when the primary one is 
unavailable. 

AM (amplitude modulation)—Transmission of infor- 
mation on a communication line by varying the voltage 
level (amplitude). 

Ambient noise—Interference present in a communi- 
cation line at all times. 

Amplitude variation (ripple}—Unwanted signal- 
voltage variations at different frequencies on a 
communication line. 

Answer back—A signal from a receiving data- 
processing device in response to a transmitting one’s 
request indicating that the receiver is ready to accept 
or has received data. 

Application program—A computer program that 
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performs a data-processing function rather than a 
control operation. 

ARQ (automatic retransmission request)—An 
error-detection and -correction technique that attempts 
a retry upon detecting an error. 

ASCli (American Standard Code for Information 
Interchange)—A data-communication code set. 

ASR—Automatic send/receive. 

Asynchronous—Not synchronized by a clocking 
signal; in code sets, character codes containing start 
and stop bits. 

ATC (automated technical control)}—A computer 
system used to maintain control of a data- 
communication network. 

Attenuation—Loss of communication-signal energy. 

Automatic dialer—A device that automatically dials 
telephone numbers on a network. 

AWG (American Wire Gauge)—Wire-size standard. 

Backup—The hardware and software resources 
available to recover after a degradation or failure of one 
or more system components. 

Balanced circuit—A circuit terminated by a net- 
work whose impedance balances that of the line, 
resulting in negligible return losses. 

Balancing network—Electronic circuitry used to 
match 2-wire to 4-wire facilities, sometimes called a 
hybrid. The balancing is necessary to maximize power 
transfer and minimize echo. 

Bandwidth—tThe information-carrying capability of 
a communication line or channel. 

Baseband—tThe frequency band that information- 
bearing signals occupy before they combine with a 
carrier in the modulation process. 

Base group—Twelve communication-set paths capa- 
ble of carrying the human voice on a telephone set; a 
unit of frequency-division-multiplexing systems’ band- 
width allocation. 

Baud—A data-communication-rate unit used similar- 
ly to bits per second (bps) for low-speed data; the 
number of signal-level changes per second (regardless 
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motor to drive 14” rigid disks, write for 
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of the information the signals contain). 

Baudot—A 5-level code set; its formal name is the 
International Telegraph Alphabet (ITA) #2. 

BCH—An error-detecting and -correcting technique 
used by communication receivers. 

Beam—Microwave radio systems that use ultrahigh 
or superhigh frequencies (UHF, SHF) to carry 
communications where the signal is a narrow beam 
rather than a broadcast signal. 

BERT (bit error-rate testing)—Testing a data line 
with a pattern of bits that are compared before and 
after a transmission. 

Bias—Communication-signal distortion related to bit 
timing. 

Bit rate—The rate at which data bits are transmitted 
over a communication path, normally expressed in bits 
per second (bps); not to be confused with the data 
signaling rate (baud), which measures the rate of signal 
changes transmitted. 

Bit stream—A continuous series of bits transmitted 
on a line. 

Blank—A “no-information” condition in a data- 
recording medium or storage location. This vacancy can 
be represented by all spaces or all ZEROs, depending 
on the medium. 

BLERT (block error-rate testing)—Testing a data 
line with groups of information arranged in transmis- 
sion blocks. 

Block—A set of contiguous bits and/or bytes that 
make up a definable quantity of information. 

Blocking—Describes a condition in a switching 
system in which no paths or circuits are available to 
complete a call, resulting in a busy tone returned to the 
calling party. The term also refers to a denial or busy 
condition. 

Block-multiplexer channel—A computer-peripheral 
multiplexer channel that interleaves blocks of data. 
(See byte-multiplexer channel; contrast with selector 
channel.) 

Bridge—Equipment and techniques used to match 
circuits to each other, ensuring minimum transmission 
impairment. Bridging is normally required on multi- 
point data channels where several local loops or 
channels interconnect. 

Broadband—Refers to transmission facilities whose 
bandwidth is greater than that available on voice-grade 
facilities. Also called wide band. 

Broadcast—To send messages or communicate 
simultaneously with many or all points in a circuit. 

BSC (Bisync)—An IBM-developed data-link-control 
procedure using character synchronization. 

Buffer—A storage area for a data block. 

Burst—A group of events occurring together in 
time. 

Burst error—A series of consecutive errors in data 
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transmission. 

Bus—A connective link between multiple processing 
sites (colocated only), where any of the processing sites 
can transmit to any other, but only one way at a time. 

Byte—A set of contiguous bits constituting a discrete 
item of information. Most common bytes are six or 
eight bits long. 

Byte-multiplexer channel—A channel that inter- 
leaves bytes of data from different sources. (Contrast 
with selector channel.) 

Cache memory—A high-speed computer memory 
that contains the instruction or sequence of instructions 
most likely to be executed next. 

Call-setup time—The overall length of time required 
to establish a switched call between pieces of data- 
terminal equipment. 

Carrier—An analog signal at a fixed amplitude and 
frequency that combines with an information-bearing 
signal in the modulation process to produce an output 
signal suitable for transmission. 

Carrier system—A method of obtaining several 
channels from one communication path by combining 
them at the originating end, transmitting a wide-band 
or high-speed signal and recovering the original 
information at the receiving end. 

CCITT (Consultative Committee for International 
Telephone and Telegraph)—An international stan- 
dards group. 

CERT (character error-rate testing)—Checking a 
data line with test characters. 

Chain—A series of processing locations through 
which information must pass on a store-and-forward 
basis to reach a subsequent location. 

Channel—A data-communication path. 

Channel! bank—Communication equipment that 
multiplexes, typically used for multiplexing voice-grade 
channels. 

Character—A language unit consisting of bits. 

Character parity—Adding an overhead bit to a 
character code to provide error-checking capability. 

Circuit switching—A communication method in 
which an electrical connection between calling and 
called stations is established on demand for exclusive 
circuit use until the connection is released. 

Clocking—Time - synchronizing communication 
information. 

Cluster—A group of user terminals colocated and 
connected to one controller, through which each 
terminal accesses a communication line. 

Coaxial cable—2-conductor wire whose longitudinal 
axes are coincident; cable with a noise shield around a 
signal-carrying conductor. 

Common mode—A high-speed-modem interface 
name. 

Communication-line controller—A hardware unit 
that performs line-control functions with a modem. 

Compandor—A device used on some telephone 
channels to improve transmission performance. The 
equipment compresses the outgoing-speech volume 
range and expands the incoming volume range on a 
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long-distance telephone circuit. 

Concentrator—An electronic device that interfaces 
in a store-and-forward mode with multiple low-spc 
communication lines at a message level and then 
retransmits those messages to a processing site via one 
or more high-speed communication lines. 

Conditioning—Applying electronic filtering ele- 
ments to a communication line to improve its ability to 
support higher transmission data rates. (See equaliza- 
tion.) 

Connecting block—A cable-termination block 
where access to circuit connections is available. 

Contention—Competition for use of the same 
communication facilities; a line-control method in which 
terminals request or bid to transmit. 

Control-line timing—Clock signals between a 
modem and a communication-line controller unit. 

CPS (characters per second)—A data-rate unit. 

CPU (central processing unit}—The computer 
control logic used to execute programs. 

CRC (cyclic redundancy check)—An error- 
checking control technique utilizing a binary prime 
divisor that produces a unique remainder. 

Crossbar—A type of widely used control-switching 
system using a crossbar or coordinate switch. Crossbar 
switching systems suit data switching be:ause they 
have low-noise characteristics and can handle Touch- 
Tone dialing. 

CTS (clear to send)—A control signal between a 
modem and a controller used to initiate data transmis- 
sion over a communication line. 

Cursor—A lighted area on a CRT screen used to 
indicate the next character location to be accessed. 

CXR (carrier-—A communication signal used to 
indicate the intention to transmit data on a line. 

DAA (Data Access Arrangement)—A telephone- 
switching-system protective device used to attach 
uncertified nontelephone-company-manufactured 
equipment to the carrier network. 

Data base—A collection of electronically stored data 
records. 

Data compression—A technique that provides for 
the transmission of fewer data bits than originally 
required without information loss. The receiving 
location expands the received data bits into the original 
bit sequence. 

Data set—See modem. 

Data switcher—A system used to connect network 
lines to a specific data-processing computer port. 

dB (decibel)—Power- and voltage -level- mea- 
surement unit. 

dBm—Power-level-measurement unit in the tele- 
phone industry based on 6000 impedance and 1004-Hz 
frequency. 0 dBm is 1 mW at 1004 Hz terminated by 
6002 impedance. 
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DCE (data - communication equipment)-- 
Equipment (such as a modem) installed at a user’s 
premises that provides all the functions required to 
establish, maintain and terminate a connection and 
signal conversion and coding between the data-terminal 
equipment and the common carrier’s line. 

DDD (Direct Distance Dial)}—The North American 
telephone dial system. 

Dedicated line—A communication line that isn’t 
dialed, also termed a leased or private line. 

Delay distortion—Distortion that occurs on commu- 
nication lines due to signals’ different propagation 
speeds at different frequencies. Measured in microsec- 
onds of delay relative to the delay at 1700 Hz. This type 
of distortion doesn’t affect voice communication but can 
seriously impair data transmissions. 

Demodulator—A functional section of a modem that 
converts received analog line signals to digital form. 

Dial up—The use of a rotary-dial or Touch-Tone 
phone to initiate a station-to-station call. 

DMA—Direct memory access from I/O and peripher- 
al controllers without going through the arithmetic 
processing unit. 

DQM (data-quality monitor)—A device used to 
measure data bias distortion above or below a 
threshold. 

DTE (data-termination equipment)}—Equipment 
that constitutes the data source and/or data sink and 
provides for the communication control function 
protocol; it includes any piece of equipment at which a 
communication path begins or ends. 

EBCDIC (Extended Binary Coded Decimal Inter- 
change Code)—An 8-level code set used frequently in 
data communication. 

Echo distortion—A telephone-line impairment 
caused by electrical reflections at distant points where 
line impedances are dissimilar. 

EIA (Electronic Industries Association) RS-232— 
The standard interface between a modem and line 
controller for voice-grade communication lines. 

Electronic Switching System (ESS)—A type of 
telephone switching system that uses a special-purpose 
digital computer to direct and control the switching 
operation. ESS permits custom-calling services such as 
speed dialing, call transfer and 3-way calling. 

Encryption—The technique of modifying a known 
bit stream on a transmission line to make it appear like 
a random sequence of bits to an unauthorized observer. 

Envelope delay—An analog line impairment where 
a variation of signal delay with frequency occurs across 
the data-channel bandwidth. (See delay distortion.) 

Equalization—A technique used to compensate for 
distortions present on a communication channel. 
Equalizers add loss or delay to signals in inverse 
proportion to the channel characteristics. The signal 
response curve is then relatively “flat” and can be 
amplified to regain its original form. (See distortion.) 

FiF2—A type of modem that operates over a 
half-duplex line (2-wire) to produce two subchannels at 


two different frequencies for low-speed full-duplex 
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Motorola matches 

the display module 
to your application 
and budget 


Every Motorola module, from 5” to 23”, is available in 
a variety of configurations and electrical specifications 
to meet the most diversified customer needs. It is this 


flexibility—adapting basic design to individual user Motorola 
specs—that has kept Motorola in the forefront of displays the 
CRT display technology. character 
The result is the best possible value for your of yOUr 
information display dollar—real value measured in business. 
performance, reliability, experience and service 

support—value designed to complement the time 

and money you’ve put into your terminal and (AA) MOTOROLA INC. 

its application. 

The reliability of Motorola displays is measured in 1299 E. Algonquin Road 


Schaumburg, IL 60196 


demonstrated and calculated MTBF. Samples of every 342/397-8000 


model are continuously monitored to duplicate 
customer life tests, assuring you top performance year 
after year. Write or call Motorola Display Systems. 


For more information, Circle No 52 
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operation. (See reverse channel.) 

Facility—A transmission path between two or more 
locations without terminating or signaling equipment. 
Adding terminating equipment would produce either a 
channel, a central-office line or a trunk. 

FDM (frequency-division multiplexing)}—A_tech- 
nique in which a data line’s bandwidth is divided into 
different frequency subchannels. It permits several 
terminals to share the same line. 

FE (format effectuation}—Characters of a code set 
used to format information to be sent for processing. 

FEC (forward error correcting}—Used to describe 
equipment that corrects transmission errors at a 
receiver. The technique provides for transmission of 
additional information with the original bit stream so 
that if an error is detected, the receiver can recreate 
the correct information without a retransmission. 

Fiber optics—A technology employing plastic or 
glass fibers that carry light representing information. 

Filter—Electronic circuitry that blocks some signal 
components while allowing other components to pass 
through uniformly. 

Firmware—A set of software instructions placed 
permanently or temporarily in a read-only memory 
(ROM). 

Flag—A delimiting bit field used to separate portions 
of data. 

Flexible disk (floppy disk)}—A magnetic storage 
medium constructed of thin plastic. 

FM (frequency modulation)—A method of transmit- 
ting digital information on an analog line by varying the 
carrier frequency. 

Format—A message or data structure that allows 
identification of specific control codes or data by their 
position during processing. 

Frequency offset—Analog-line frequency change, 
an impairment encountered on a communication line. 

Frequency shift keying (FSK)—A form of frequency 
modulation in which the carrier frequency is made to 
vary or change in frequency precisely when a change in 
the state of a transmitted signal occurs. 

Frequency stacking—Another name for FDM that 
reveals how the multiplexing is performed. 

Front end—An auxiliary computer system that 
performs network-control operations, releasing the 
host computer system to process data. 

Full duplex (FDX)—A 4-wire circuit or protocol that 
provides for simultaneous transmission in both direc- 
tions between two points. 

Full/full duplex—A protocol for a multidrop line that 
permits transmission from a master location to a slave 
site; the master location can also simultaneously receive 
a transmission from another slave site on that line. 

Gain—The degree to which a signal’s amplitude is 
increased. The amount of amplification realized when a 
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signal passes through an amplifier or repeater, 
normally measured in decibels. 

Gaussian noise—Noise whose amplitude is charac- 

terized by the Gaussian distribution, (eg, white noise, 
ambient noise, hiss). 

Group channel—A unit or method of organization on 
telephone carrier (multiplex) systems. A full group is a 
channel equivalent to 12 voice-grade channels (48 kHz). 
A half group has the equivalent bandwidth of six 
voice-grade channels (24 kHz). When not subdivided 
into voice facilities, group channels can furnish 
high-speed data communication. 

Guard frequency—Describes the frequencies be- 
tween subchannels in FDM systems used to guard 
against subchannel interference. 

Half duplex—A communication line consisting of two 
wires or employing a protocol capable of transmitting in 
only one direction at a time. 

Hamming code—An FEC technique named for its 
inventor. It corrects single-bit errors. 

Handshaking—Line-termination interplay to estab- — 
lish a data-communication path. 

Harmonics—Frequencies that are multiples of a 
fundamental value. 

Harmonic distortion—A data-communication-line 
impairment caused by erroneous frequency generation 
along the line. 

HDLC (High Level Data-Link Control)}—A CCITT 
standard data-communication line protocol. 

Hit on the line—Describes errors caused by external 
interference, such as impulse noise resulting from 
lightning or man-made interference. 

House cables—Conductors inside a building used to 
connect communication equipment to outside lines. 

HRC (horizontal redundancy checking)—A val- 
idity-checking technique used on data-transmission 
blocks in which redundant information is included with 
the information to be checked. 

Hybrid—See balancing network. 

Impulse noise—A type of communication-line inter- 
ference characterized by high amplitude and short 
duration. 

Insertion loss—Signal-power loss resulting from 
connecting communication equipment with dissimilar 
impedance values. 

Interference—Refers to unwanted occurrences on 
communication channels that result from natural or 
man-made noises and signals. 

intermodulation distortion—An analog-line impair- 
ment where two frequencies interact to create an 
erroneous frequency, which in turn distorts the 
data-signal representation. 

ITDM (intelligent time-division multiplexer)—A 
multiplexer that assigns time slots on demand rather 
than on a fixed subchannel-scanning basis. Also termed 
a statistical multiplexer. 

Jitter—Type of analog-communication-line distortion 
caused by a signal’s variation from its reference timing 
position, which can cause data-transmission errors, 
particularly at high speeds. This variation can be in 
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Quality, capability and performance in an 
outstanding universal counter for only °425. 


HP’s experience in counter design, 
manufacturing advances and tough 
quality control bring you the Model 5314A 
—a counter that does a lot and does it 
for a remarkably low price: $425* 

You'll get the measurements and 
performance youre likely to need where 
a basic universal counter is called for: 
frequency range is 100 MHz, time interval 
resolution is 100 ns and it will measure 
period down to 400 ns with 100 ps 
resolution. It also measures frequency 
ratio, ratio averaging and will totalize. 
For longer times between calibrations 


plus added accuracy, HP offers an 
optional high stability time base (TCXO) 
for $100* For field use, there’s a low-cost 
battery power option for $95* 

Counters at this price usually have 
single-channel time interval controls or 
none at all. But the 5314A gives you 
both input trigger level and slope controls 
for two input channels. This allows you 
to measure pulse widths or time between 
pulses with stop and start commands 


from either one or two input control lines. 


We've adhered to HP’s high quality 
standards in building the 5314A. A look 


For more information, Circle No 53 
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carefully crafted, gold plated circuit 
boards throughout. A low parts count 
and conservative design contribute 
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sense to buy quality from the start. 
That’s what you get with the remarkable 
5314A. To get your 5314A, or more 
details, call your nearest HP sales office 
today or write, Hewlett-Packard, 

1507 Page Mill Road, Palo Alto, CA 94304. 


*Domestic U.S. prices only. 
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amplitude, time, frequency or phase. 

Jumbo group—The highest FDM carrier-system 
multiplexing level; it contains 3600 voice-frequency 
(VF) or telephone channels (six master groups). 

Leased line (private line, dedicated line)}—A 
communication line for voice and/or data rented from a 
communication carrier. 

Line protocol—A control program used to perform 
data-communication functions over network lines. 
Consists of both handshaking and line-control functions 
that move the data between transmit and receive 
locations. 

Local loop—The access line from either a user 
terminal or a computer port to the first telephone office 
along the line path. 

Logging—Recording data, such as error events or 
transactions, for future reference. 

Long line—A communication line spanning a long 
distance relative to the local loop. 

Loop current—A _ teletypewriter-to-line interface 
and operating technique that doesn’t employ modems. 

Loopback—Directing signals back toward the 
source at some point along a communication path. 

LTS (line test set)—Analog-line test unit. 

Main distribution frame (MDF)—The cable rack on 
which all distribution and trunk cables leading into a 
central office are terminated. 

Message switching—Routing messages between 
three or more locations by store-and-forward tech- 
niques in a computer. 

MG (master group}—An FDM earrier-multiplexing 
level containing 600 voice-frequency channels. 

Microcode—A set of software instructions that 
execute a macro instruction. 

MIL-188—A military interface between a modem and 
line controller equivalent to RS-282. 

Modem (data set)}—An acronym for a unit that 
modulates and demodulates digital information from a 
terminal or computer port to an analog carrier signal 
for passage over an analog line. 

Multiplexed line—A data-communication line 
equipped with multiplexers at each end. 

Multipoint line—A communication line with several 
subsidiary controllers sharing time on the line under a 
central site’s control. 

Noise—A communication-line impairment inherent 
in the line design or induced by transient energy 
bursts. 

On line—A direct connection between a remote 
terminal and a central processing site. 

Open wire—Communication lines that aren’t insulat- 
ed and formed into cables, but are instead mounted on 
aerial crossarms on utility poles. 

Packet-mode terminal—Data-terminal equipment 
that can control and format packets and transmit and 
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receive them. 

Packet switching—The transfer of data by means of 
addressed packets whereby interim point-to-point 
channels are available only during the transmission of 
one packet. The channel then becomes available for the 
transfer of packets from the same or other messages. 
Contrast with circuit switching, where the data 
network determines the end-to-end routing before the 
entire message transfer. 

PAD (packet assembler/disassembler)}— 
Equipment providing packet assembly and disassembly 
facilities. 

Parity error—An error occurring when the results of 
the parity calculations at the transmit and receive ends 
of a system don’t agree. 

Passband filters—Filters used in modem design to 
allow only the frequencies within the communication 
channel to pass while rejecting all frequencies outside 
the channel. 

PC (phase corrector)}—A part of synchronous 
modems that adjusts the local data-clocking signal to 
match the incoming receive data sent by the remote 
clocking signal. 

Phase jitter—An analog-line impairment caused by 
power and communication equipment along the line that 
shifts the signal phase relationship back and forth. 

PM (phase modulation)—Variation of an analog 
signal’s phase in direct relationship to digital input 
information. 

_ Point-to-point—A communication line connected 
directly from one site to another. 

Polling—A control message sent from a master site 
to a slave site that serves as an invitation to transmit 
data to the master site. 

Primary center—A Class 3 telephone-switching 
office at the next level above toll center. 

Privacy—The techniques used for limiting and/or 
preventing access to specific system information from 
otherwise authorized system users. 

Propagation delay—The time necessary for a signal 
to travel from one point in a circuit to another. 

Protocol—A formal set of conventions governing the 
format and control of inputs and outputs between two 
communicating processes, including handshaking and 
line discipline. 

Pulse modulation—Modulating the characteristics 
of a pulse series in one of several ways to create an 
information-bearing signal. Typical methods involve 
modifying the pulses’ amplitude (PAM), width or 
duration (PDM), or position (PPM). The most common 
pulse-modulation technique employed in telephone 
communications is pulse-code modulation (PCM), in 


_which the system samples the information signals at 


regular intervals and transmits a series of pulses in 
coded form, representing the amplitude of the informa- 
tion signal at the sampling time. 
Quadrature distortion—Analog-signal distortion 
frequently found in phase-modulation modems. 
Reactance—Frequency-sensitive communication- 
line impairment causing loss of power and phase 


EDN MARCH 4, 1981 


: 


AWAWAIAW TW) W) Oba 


Noise cancelling MIL type 
subminiature electret microphones. 


With the Gentex noise- 
cancelling electret microphone, 
most background noise is 
inherently eliminated — but 
your voice message comes 
through as clearly as if it 
originated in a studio. 

Gentex pioneered the electret 
capacitor microphone for military 
applications, and is now pro- 
ducing them for commercial 
and industrial uses. They are the 
smallest microphones designed 
for both the environmental 
requirements of MIL-T-5422, 
and the EMI requirements of 
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MIL-STD-461. They cancel sound 
that originates from a distance, 
yet respond clearly to your voice 
when held close to your mouth. 

Overall frequency response, 
shown by the chart, cuts off 
distant sounds at the lower 
frequencies where most back- 
ground noise exists. Near field 
(1/4") response is flat through- 
out the spectrum occupied by 
human speech. 

Gentex electret capacitor 
microphones are the smallest, 
lightest and most rugged 
acoustic transducers on the 
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market. They are fully weather- 
proof, need no environmental 
protection, and have excellent 
resistance to shock and vibration. 
Their small size, less than 3/8” in 
diameter, including an integral 
FET preamp, makes them 
easy to design into sound 
systems. They need no special 
handling in manufacturing, 
and are compatible with con- 
ventional assembly processes. 
Gentex also makes omni- 
directional electret capacitor 
microphones with a variety 
of flat and rising response 
characteristics. Write or 
call for latest technical data 
on this proven product line. 
Gentex Corporation-Electro 
Acoustics Group (formerly JMR 
Systems Corporation), 5 Tinkham 
Avenue, Derry, NH. 03038 
(603) 434-0311, or (800) 258-3554. 
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Datacomm glossary 


shifting. 

Recovery—The actions required to bring a system 
to a predefined level of operation after a degradation or 
failure. 

Regional center—A Class 1 telephone-switching 
office, the top level in the DDD system. 

Response time—The time measured from the 
depression of a terminal’s Enter key to the display of 
the first character of the response at that terminal site. 

Reverse channel—An optional feature on some 
modems that provides simultaneous communication 
from the receiver to the transmitter on a 2-wire 
channel. It can be used for message transmission, 
circuit assurance or breaking and to facilitate certain 
forms of error control and network diagnostics. Also 
termed backward channel. 

RTS (request to send)—An RS-232 control signal 
between a modem and user’s digital equipment that 
initiates the data-transmission sequence on a communi- 
cation line. 

SDLC (Synchronous Data-Link Control)—An IBM 
data-communication message protocol. 

Sectional center—A Class 2 telephone-switching 
office between a regional and a primary center. 

Selector channel—A channel designed to operate 
with only one I/O device at a time. Once the I/O device 
is selected, a complete record transfers one byte at a 
time. (Contrast with block-multiplexer channel.) 

Slicing level—A voltage or current level of a digital 
signal at which a ONE or ZERO can be determined. 

Slot—A unit of time in a TDM frame during which a 
subchannel bit or character is carried to the other end 
of the circuit and extracted by the receiving TDM unit. 

S/N (signal-to-noise) ratio—The relative power 
levels of a signal and noise on a communication line, 
expressed in decibels. 

SRC (spiral redundancy checking)—A validity- 
checking technique for transmission blocks where the 
redundant information sent with the block for receiver 
checking is accumulated in a spiral-bit-position fashion. 

Store and forward—A data-communication tech- 
nique that accepts messages or transactions, stores 
them until they are validated and complete and then 
forwards them to the next location as addressed in the 
message or transaction header. 

Streaming—A modem’s condition when it is sending 
a carrier signal on a multidrop communication line and 
hasn’t been polled. 


Super group—The assembly of five 12-channel © 


groups, for simultaneous modulation and demodulation, 
occupying adjacent bands in the spectrum. Can be used 
as 60 voice-grade or wide-band channels or combina- 
tions of both. 

SYN (SYNC)—A bit or character used to synchronize 
a time frame in a time-division multiplexer. Also, a 
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sequence used by synchronous modems to perform bit 
synchronization and by the line controller for character 
synchronization. 

Synchronous modem—A line-termination unit that 
uses a derived clocking signal to perform bit synchroni- 
zation with incoming data. 

TDM (time-division multiplexing)—A data- 
communication technique for combining several lower 
speed channels into one facility or transmission path at 
a higher speed in which each low-speed channel is 
allotted a specific position in the signal stream based 
upon time. Thus, the information on the low-speed 
input channels is interleaved at higher speed on the 
multiplexed channel. At the receiver, the signals are 
separated to reconstruct the individual low-speed 
channels. 

Telemetry—Transmission and collection of data 
obtained by sensing conditions in a real-time 
environment. 

Text—The part of a message or transaction between 
the control information of the header and that of the 
trace section or tail that constitutes the information to 
be processed or delivered to the addressed location. 

Thermal noise—A type of electromagnetic noise 
produced in conductors or in electronic circuitry that is 
proportional to temperature. (See Gaussian noise.) 

Time sharing—A processing technique that permits 
multiple users to share resources simultaneously. 

Toll center—A Class 4 telephone-switching office up 
one level from the end or serving office, named for the 
call-billing apparatus found there. 

T/P (transaction processing)—A processing tech- 
nique using on-line control programs and a remote 
terminal network so that inquiries and applications 
against a data base can be performed at any processing 
site where the data is stored. Routing is performed 
based on the content of the message that also contains 
the information to be processed. 

Turnaround time—The time required for a modem to 
reverse the direction of transmission on a half-duplex 
line. 

Uncontrolled terminal—A user terminal that is on 
line all the time and does not contain line-control logic 
for polling and calling. 

VF (voice frequency)—Describes a telephone chan- 
nel designed to carry the human voice. 

VHF (very high frequency)—A radio carrier- 
frequency band (80 to 300 MHz) used in emergency 
situations for telephone and data communications. 

VRC (vertical redundancy checking)—A method of 
character parity checking. 

White noise—See Gaussian noise and thermal 
noise. 

Wide band—lImplies data speeds requiring the 
equivalent of more than one VF channel for operation; 
broadband. EDN 


Article Interest Quotient (Circle One) 
High 479 Medium 480 Low 481 
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some Antuersal a a 


WHEN YOU NEEDA RULE... 
1. MURPHY’S LAW: If anything can go wrong, it will. 
O’‘TOOLE’S COMMENTARY ON MURPHY’S LAW: Murphy was an optimist. 


3) THE UNSPEAKABLE LAW: As soon as you mention something, if it’s good, it goes away, if it’s bad, it 
- happens. 


4. NONRECIPROCAL LAWS OF EXPECTATIONS: Negative expectations yield negative results. Positive 
expectations yield negative results. 


HOWE’S LAW: Every man has a scheme that will not work. 


6. ZYMURGY’S FIRST LAW OF EVOLVING SYSTEMS DYNAMICS: Once you open a can of worms, the 
only way to recan them is to use a larger can. 


ETORRE’S OBSERVATION: The other line moves faster. 


8. SKINNER’S CONSTANT (FLANNAGAN’S FINAGLING FACTOR): That quantity which, when multi- 
plied by, divided by, added to or subtracted from the answer you get, gives you the answer you should 
have gotten. 


9. LAW OF SELECTIVE GRAVITY: An object will fall so as to do the most damage. 


JENNING’S COROLLARY: The chance of the bread falling with the buttered side down is directly 
proportional to the cost of the carpet. 


10. GORDON’S FIRST LAW: If a research project is not worth doing, it is not worth doing well. 
11. MAIER’S LAW: If the facts do not conform to the theory, they must be disposed of. 


12. HOARE’S LAW OF LARGER PROBLEMS: Inside every large problem is a small problem struggling to 
get out. 


13. BOREN’S FIRST LAW: When in doubt, mumble. 
14. THE GOLDEN RULE OF ARTS AND SCIENCES: Whoever has the gold makes the rule. 


15. BARTH’S DISTINCTION: There are two types of people: those who divide people into two types, and 
those who do not. 


16. SEGAL’S LAW: A man with one watch knows what time it is. A man with two watches.is never sure. 


17. NINETY-NINETY RULE OF PROJECT SCHEDULES: The first 90 percent of the project takes 90 percent 
of the time, and the last 10 percent takes the other 90 percent. 


18. FARBER’S FOURTH LAW: Necessity is the mother of strange bedfellows. 


UAncversal Components —— 213-641-4255 
Vvy¥ 
FAX: 273-647-6372 


meal 


| uA JOY ys ee 
WT . a JAtw T10nO Tw 8 999 gt ietiyine Hi SAL 


“y"* 

Tah ow veg wk) 2 YHSAUM UO VRATHAMMOD? 
2. ee . 
he “$i onintzence cornet uch ze noone eA: WAS 248A. AA a4 v4 _ 


} f age 


* 


ow 


+See 


re tial ates dead renee ere siovmataasxa 30 eat a 
| steam * anlueet svitepen biny AOnanieG 


qh tiw fey oren 1 pac) (Betti visu WAdea aa 


cy: + AA LAY C! ayia ‘y +H} AOS FO WAL rata 2va) sel 
| OF 21 nerd RFT OS vee i 


scone aside dente Nase GAT. 4 Aseao ea 


A PO. kf ole wee , er : Al ty Oval at fp ‘AA SF PHA revo soma ¥ 
ieee Pty ty el me aia iy 
i“ ‘ ’ : a ay : : %+ “ Mn ‘? vei rye uty s2 VE) EDT t wer a . ° De’ wits . vel 
eal ai as ; LP . ; +P nia 


surn orig chy ob te Oe Hat Hiw tovide nA SY TIVARE avivoa 229 


ree ere, ay : 4 ara yh oely APA +! i a5 er’ to 33 128 a3 Le ch MALTS ‘ROD ge od 
es ai A sites ss dnd 0 ora 


id 
7c ¥F SWAL TREY oon 


1 Be) : bi 
t ; 7 marry ’ vote ; i THO 726) ris bee ass A M4 a3 
| ; peer 
0 i é nt evn tows de ry A3c. WAL ai) Wades 
iJ - . 
Irie Jduob ni ae: WAL emi @ 
| ct ssgitashisty aie yo 230V'2196 OVA TRA AO SUA MAUS 19 
ai 
prt ae Nake ities , > och capt istapsa |! + pwi win ort. : on gal 


1 Pe ; rik iff hie? 
Pare terey , er ae 

Ne peace dst nerabA. 8 Fae a tere eoronst Abiiey one elnhw. Bet Me 
y* y ; , I ues 415 hid me oy eK aid a « 


t Pom eres Pro Pracvoedy 4 ty 32" 3 any. 23 31 Qj ye: ar) pat DAY 403 - 
joemed 18 alo ont ete? Tos anes iced 


‘ Pa % 
awrtigtbwd sere 


METRIC 


aw 4312 Fee | lnehes. 
8437 |21.8281} 55/64 | .8594 
22.000 .8661 


| 
0020 22.6219 


.0024 23.000 
.0028 : 5 23.0187 
.0032 $10.3187 , 23.4156 
.0035 10.7156 : 23.8125 
.004 | 11.000 24.000 
008, 1101125 43875 $24.2094 
012 411.5094 24.6062 
11.9062 ' 25.000 

12.000 25.0031 


ee ee ee ee ee ee ee ee ee ee a ce ca ce F 


—_ 


3-15/16| 3.937 


Untuersalt Components — 213-641-4259 
FAX: 273-647-6372 


is 7 
; ‘ ) 
ay 
£ \ 4 
yo } 
’ 
‘ 4 Was 
‘| = 
4, ah 
tea “ - 
» ‘sl ’ 
« . 4 < 
z G A 
| oy) 
pean Wap y 
> " u ye i 
; : or 
\ ; 
‘ ‘ 1, * 
At ; ty. 
eit 1 Le 
\ 
S 
‘ - 4 
es 
: a 
: y b 
d 4 
c= '* ny : 
q ; 5 z, 
uf : : +; 
a ‘ J : Aly ; 
a * Lay . 4 
} $ " F "%: g ‘ a 
mI . . Fon a o 
; iy * le i 7 
‘ Frei 
f j . # 7" 1 8 _ 
’ ; { bn f 4 DS ee 
4 : B og 
: ( ‘ T : d 
- ! + a ee A A 
* va : ao ay 
; . Teeet tN ey 
/ 1 4 
f ) he 
he iby 
‘ by iam a ; 
4 ; } H ; t I Mae ' ,' a 
4 . 2 ? , * ~ « j oe Pye a) pe? 
: \ ; ah He td oped ran Saree) 
‘ 7 ' 
t | 
< ‘ ‘ ‘ Ms £ 
‘ 
Se i 
: S ~ 
- ‘. ? = air N se ken 
# 5 Me t 
’ 4 
- Sg 
me j 2 i 4 ‘ ; 
3 j 
i 
y 4 
f fe * 
/ \ ; 
; aay > 
a , cs 
p ' 
4 af ie % 
ty 
i 
, 5 ' i 
‘ 
Ee - € 
; ‘ , # 
Hi ma » 
; Cw a eae aa 
‘0 
a. f sf ji ¥ " 
cae r : i > Fy 
C ‘ a t 7 ) 
- ‘ } ’ A ' 
cae J 
; $2in i j hitch fe: fe 
Sant Sal ; 6 ; 1 ; \¢ 
: | A 
4 ; » * | wat MS gues ne 
ae ae ; py op tit ig 
* 3 A J te ae. 
i . t ry ' A ' ie i, 
‘ il 2) ae ey 
i Z 7 al ) ; 
¢ (Vi 7 4 f . ao a ae 
2 ‘ , 4 < ‘ a 
‘ “ " 


7 


ee ee ee ee 
> 
ws 
ty 


i Mera 
, ~ 4, 
i +t 

7. he See 
tr 7 ; wires! 
A : Sei Fe | 
i me Wet st . 
5 ee yin ae 
ee et rr a te eyes? 


faa 


pe 


: aL ie ie 


7 


-Phone-jack choice 
affects modem 
performance 


The FCC specifies jacks for modem connec- 
tion to the public switched telephone net- 
work. Although all of these jacks effectively 
umplement the modem connection, system 
performance depends on how well the jack 
matches your systems needs. 


Jack L Douglass, Universal Data Systems 


When you're installing a modem for data communica- 
tion over the public switched telephone network, con- 
sider the tradeoffs between using standard jacks and 
the more sophisticated jacks that the telephone compa- 
ny offers. Both types of jacks are registered and 
specified by the FCC under Part 68 of its Rules and 
Regulations. An overview of the most commonly used 
registered jacks and typical modem-connection 
schemes using both standard and special telephones 
will help you select the proper jack. 

Registered jacks are available in two types: permis- 
sive jacks and data jacks. The permissive jack allows 
the modem to transmit at a maximum signal level of —9 
dBm, but it provides no guarantees concerning the 
signal level that’s received at the telephone company’s 
central office. The optimum input-signal level at the 
central office is —12 dBm, and the normal loss on a 


EDN November 14, 1985 


phone line between a customer and the central office is 
3 to 6 dB. Thus, for a permissive jack, the input-signal 
level at the central office will be between —12 and 
—15 dBm. 

The permissive-jack configuration is sufficient for 
most modem applications. The RJ11C jack—usually 
found in the home or office—is the most common 
permissive-jack arrangement. A 6-pin, modular jack for 
single-line, bridged tip-and-ring service, it typically has 
only two wires connected—the tip and the ring (Fig 1). 
Other 6-pin modular permissive jacks (eg, the RJ12C, 
RJ13C, and RJ16C) also use the RJ11C housing. A 


-] TO OTHER 
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Fig 1—The most common permissive jack arrangement, the 
RJ11C, is usually found in the home or office. It typically has only 
two wires connected—the tip and the ring. 
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special permissive arrangement, the RJ16X, allows you 
to use exclusion-key telephones. 

Among the drawbacks of the permissive-jack ar- 
rangement is its lack of guarantees on such parameters 
as peak-to-average ratio, attenuation distortion, enve- 
lope-delay distortion, line loss, and signal-to-noise 
ratio. If you’re dissatisfied with the quality of the phone 
line in terms of its data-transmission capabilities, you’ll 
get little sympathy from the telephone company—in its 
view, these are voice-grade lines; if you can talk on 
them, the lines are within specification. If your applica- 
tion won’t tolerate the phone-line characteristics of a 
permissive-jack arrangement, you might need a data 
jack. 

Data jacks, which provide a means of adjusting the 
central office’s signal receive level, use one of two 
techniques: programmable and fixed-loss loop. The 
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programmable arrangement uses a resistor inside the 
jack to establish the modem output-signal level. The 
phone company measures the local loop loss when the 
jack is installed and then selects a resistor to ensure 
that the received signal at the central office is —12 
dBm—the optimum value. Part 68 of the FCC Rules 
includes a list of resistance values appropriate for 
implementing automatic control of signal output power, 
so the phone company can adjust for the optimum 
power level before you connect the modem. 

In the fixed-loss loop arrangement, on the other 
hand, the modem output level is fixed at a signal level of 
—4 dBm. An adjustable attenuator in series with the 
modem output serves to compensate for local loop loss 
of the telephone line. When the jack is installed, the 
attenuator is set to develop an optimum power level of 
—12 dBm at the central office. 
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Fig 2—Adjustable output level is a key feature of data jacks. There are two data jack categories: the universal configuration (a) and the 
programmed configuration (6). 
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Data jacks are available in two configurations: the 
universal configuration, RJ41S (Fig 2a), and the pro- 
grammed configuration, RJ45S (Fig 2b). The RJ41S 
incorporates a resistor for programmed signal level 
(designated PROG on the jack) and an attenuator for 
fixed-loss-loop transmit-signal level (designated FLL 
on the jack). You select the appropriate mode of opera- 
tion via a switch. 

Most modems operate with both the RJ41S and the 
RJ45S jacks. With the RJ41S, however, keep the 
switch in the PROG position. With the switch in the 
FLL position, the receive and transmit signals are both 
attenuated, and this may increase error rate because of 
the lower signal-to-noise ratio. 

As stated earlier, for many typical applications that 
require a modem, the less sophisticated RJ11C permis- 
sive jack is adequate. To connect an RJ11C jack to a 
typical modem (Fig 3a), you'll need an 8- to 6-pin 
modular cable to run between the modem’s 8-pin phone- 
company (TELCO) jack and the 6-pin RJ11C jack on 
the wall. Next, using the 6- to 6-pin cable that comes 
with the telephone, you connect the telephone (stan- 
dard rotary or Touchtone) to the telephone-set 
(TELSET) jack on the rear of the modem. A talk/data 
switch on the modem’s front panel serves to connect the 
telephone line to either the modem or the telephone. If 
you want the modem to answer calls automatically, the 
switch must be in the data position. 

A typical modem-to-data-jack interconnection (Fig 
3b) follows the same sequence as that of the permissive 
jack. In the data-jack case, however, you'll need an 8- to 
8-pin modular cable between the jack (RJ41S or RJ45S) 
and the modem. If you’re using an RJ41S jack, make 
sure the switch is in the PROG position. As before, the 
telephone will connect to the telephone-set jack at the 
rear of the modem; set the talk/data switch on the 
modem to the data position for automatic answering. 

Although the interconnection of standard telephones 
(both rotary and Touchtone) is relatively straightfor- 
ward, another type of instrument—the exclusion-key 
telephone, which offers more than just the on and off 
modes of operation—presents a new set of problems. 
Exclusion-key telephones serve such applications as 
those that require the phone to be located remote from 
the modem, such as in a secure area, and applications 
that require aural monitoring of the modem’s audio 
signal. 

Exclusion-key phones have a white switch-hook but- 
ton on the left side of the cradle. Two control leads, 
called mode indication (MI/A) and mode indication 
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Data jacks provide a means of adjusting 
the signal level received at the telephone 
company’s central office. 


common (MIC/A1), connect to the switch. Exclusion- 
key telephones are available in two configurations: the 
DSCL (data set controls the telephone line) and the 
TSCL (telephone set controls the telephone line). The 
TSCL configuration is normally used with a manual- 
answer data-access arrangement and seldom with di- 
rect-connect modems. The DSCL configuration, how- 
ever, is used with direct-connect modems. 


Data set controls operation 


In the DSCL configuration, you have three options 
for operating the phone: handset in the cradle, handset 
off the cradle with the exclusion key in the middle 
position, and handset off the cradle with the exclusion 
key in the up position. With the handset in the cradle, 
the tip-and-ring leads pass through the telephone to the 
modem, and MI/A and MIC/A1 are open. In this case, 
incoming calls route directly to the modem. 

When the handset is off the cradle and the exclusion 
key is in the middle position, the tip-and-ring leads pass 
through the modem. The MI/A and MIC/A1 leads are 
open; when the telephone has the aural-monitoring 
option, tip and ring are bridged to the phone’s earpiece 
through a capacitor. You can thus monitor the modem’s 
audio signal. 

With the handset off the cradle and the exclusion key 
in the up position, the tip-and-ring leads connect to the 
handset instead of the modem. Because the leads 
connect to the handset, you can place and answer calls 
manually. When the exclusion key is up, the MI/A and 
MIC/A1 leads are shorted, signaling the modem that 
the telephone is in voice mode. When you place the 
handset in the cradle after terminating a call, the MI/A 
and MIC/A1 leads open, causing the modem to go off 
hook and connect to the telephone line. Exclusion-key 
telephone operation is identical for permissive- and 
data-type jacks. 

If you’re using an exclusion-key phone, you'll need an 
8- to 6-pin modular cable to connect a typical modem to 
a permissive RJ16X jack (Fig 4a). Normally, this setup 
will not use the telephone-set jack on the rear of the 
modem. Instead, you'll connect the exclusion-key phone 
to an 8-pin RJ36X jack using a cable the telephone 
company supplies. The telephone company will also 
interconnect the RJ16X and RJ36X jacks. The modem’s 
talk/data switch should be in the data position when the 
modem is originating or answering calls. A line-pow- 
ered modem will not operate with an exclusion-key 
telephone. 

For data jacks (Fig 4b), on the other hand, you'll 
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Excluston-key telephones serve applications 
requiring aural monitoring, or situations 
where the phone ts located some distance 
from the modem. 


RS-232C 
TO DATA- 
TERMINAL 
EQUIPMENT 


WHEN FRONT-PANEL TALK/DATA 
SWITCH IS IN DATA POSITION, 
PHONE SET IS DISCONNECTED 


STANDARD ROTARY 
OR 


TOUCHTONE PHONE 


6- TO 6-PIN 
CABLE SUPPLIED 
WITH TELEPHONE 


8- TO 6-PIN CABLE 


STANDARD ROTARY 


RS-232C 
TO DATA- 
TERMINAL 
EQUIPMENT 


WHEN FRONT-PANEL TALK/DATA 
SWITCH IS IN DATA POSITION, 
PHONE SET IS DISCONNECTED 


OR 
TOUCHTONE PHONE 


6- TO 6-PIN 
CABLE SUPPLIED 
WITH TELEPHONE 


8- TO 8-PIN CABLE 


8-PIN JACK 120V AC 


Fig 3—To connect a permissive jack to a modem, you'll need an 8- to 6-pin modular cable (a). A typical modem-to-data-jack interconnect (6) 


is quite similar but uses an 8- to 8-pin cable. 


need an 8- to 8-pin modular cable to connect the modem 
to the RJ41S or RJ45S jack on the wall. If you’re using 
an RJ41S, be sure to place the switch in the PROG 
position. Again, you won’t normally use the telephone- 
set jack on the rear of the modem. The phone company, 
which will provide a cable for connecting the exclusion- 
key telephone to an 8-pin RJ36X jack, will interconnect 
the RJ36X and data jack (RJ41S or RJ45S). As before, 
the modem’s talk/data switch should be in the data 
(normal) position when the modem is originating or 
answering calls. 


Selecting the proper telephone line jack 

Armed with the foregoing details of typical jack 
arrangements and modem configurations, you can se- 
lect the telephone-line jack that best serves your appli- 


cation. To do so, don’t forget to consider your applica- - 


tion and the quality of phone line it requires. If your 
application requires high-quality lines—if, for example, 
the modem is to be used in a computer center, you’re 
working with a high-speed (greater than 2400-bps) 
modem, or you're located in a remote area where the 
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quality of the lines is generally poor—consider ordering 
an RJ41S or RJ45S data jack. On the other hand, if your 
modem operates at lower speeds, if you’re located in a 
metropolitan area close to the telephone company’s 
central office, or if you’re a home-computer user with 
just one modem, you'll likely find a permissive RJ11C 
jack arrangement satisfactory. 

In addition, don’t forget to consider the complexity of 
special (nonstandard) modem/telephone configurations, 
if they apply to your application. In most cases, these 
special configurations are expensive and unnecessary, 
and they complicate the interconnection task. Although 
some modems accommodate only the special configura- 
tions, others offer the capability as an option. Before 
you buy a modem, determine whether it interconnects 
only with special telephone equipment or whether you 
can use it with less expensive standard devices. 

If your application does, however, require more than 
the ordinary modem-to-telephone-company intercon- 
nection—eg, if you must connect the modem to a 
private branch exchange (PBX), digital branch ex- 
change (DBX), or a multiline-key telephone set—you 
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Sprague EMI/RFI Filters offer you the highest quality obtainable anywhere in the 
world. And you can get them anywhere in the world—in more than 150 standard 
designs. You can count on fast service, too. 
There is a Sprague worldwide customer service 
center or a member of our experienced 
distributor network near you to provide local sourcing 
and local support. Sprague Electric Company, a Penn 
Central unit, World Hdqtrs., Lexington, MA. Write for Catalog FD-127 to Technical Literature 7. 
Service, Sprague Electric Company, P.O. Box 9102, 41 Hampden Road, Mansfield, MA {H up SPR F 
02048-9102. For applications assistance, call David Spooner or Roger Follett at (413) 664-4411. AA" THE MARK OF RELIABILITY 
CIRCLE NO 235 


To select the optimum phone jack, you must 
evaluate your system needs. 


JACKS CONNECTED 
BY PHONE COMPANY 


CABLE PROVIDED BY 
TELEPHONE COMPANY 


TALK/DATA SWITCH 
ON FRONT PANEL 
IS ALWAYS IN 

DATA POSITION 


RS-232C 

TO DATA- 
TERMINAL 
EQUIPMENT 


TELSET JACK 


EXCLUSION 
KEY 


8- TO 6-PIN CABLE 


JACKS CONNECTED 
BY PHONE COMPANY 


CABLE PROVIDED BY 
TELEPHONE COMPANY 


EXCLUSION 


NOT USED 


110V AC 


TALK/DATA SWITCH/ 
ON FRONT PANEL 
IS ALWAYS IN 

DATA POSITION 


RS-232C 
TO DATA- 
TERMINAL 
EQUIPMENT 


TELSET JACK 
NOT USED 


EXCLUSION-KEY PHONE 


110V AC 


Fig 4—Working with exclusion-key telephones, the modem-to-permissive-jack interconnect (a) will normally use an RJ36X jack instead of 
the telephone-set jack on the rear of the modem. In a data-jack interconnect scheme (b), make sure the switch on the RJ41S jack is in the PROG 


position. 


face additional interconnection problems. The two solu- 
tions to these problems involve additional expense. 
Modems will work with most types of analog PBXs, 
but you must use a permissive-jack arrangement, the 
quality of which might be inadequate for your applica- 
tion. DBX applications, on the other hand, are some- 
what more complicated because of the lack of standardi- 
zation in the DBX market; the problems you experience 


will vary from manufacturer to manufacturer. Some - 


DBXs, for example, use a low sampling rate on the 
coder/decoder, and the low sampling rate increases the 
modem’s error rate. Other DBXs use nonstandard 
tones and ringing signals. As a result, some autodial 
modems dial incorrect numbers and autoanswer 
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modems might not answer calls. A final problem with 
DBXs involves their digital interface; most modems 
require an analog interface. 

Interconnecting a modem to a multiline-key tele- 
phone presents other problems. Most modems don’t 
have the ability to control the A and Al leads, which 
indicate when the line is occupied. In addition, multi- 
line-key telephones also suffer from a lack of standardi- 
zation. Several jack manufacturers make adapters for 
these phones, but the adapters don’t necessarily work 
with every modem on the market. 

Fortunately, two reliable techniques exist to help you 
solve the PBX, DBX, or multiline-key phone modem- — 
interconnect problem. The best solution is to order a 
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1 Megabyte — 
on a business card? ,, 


Call or write for your 
free technical brochure. 


MIKUL 

Division of TL Industries 
2541 Tracy Road 
Toledo, Ohio 43619 
(419) 666-8144 


Industrie€s Inc. 


Come see us at Wescon ’85, 
Booth #5011 


has it! 


For memory intensive applications with limited space 
MIKUL offers the 62000 series of pseudo-static RAM 
mass-memory modules. 


B2” x3%” module footprint. 
@ easy interface with 8 and 16 bit processors. 


@ available with access times of 140, 170 and 220 
nanoseconds. 

Ginputs are TTL voltage compatible. 

@ surface mount technology to achieve high density 
memory. 

@ available as 128K, 256K, 512K and 1 megabyte plug-ins. 


MIKUL also offers the 61000 series of pin compatible static 
memory modules available for your design applications. 
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Augat's turnkey prototype service, 
QWIKTURN, provides ONE-WEEK turnaround 
on panels and wiring from a clean database. Just select your 
panel from our stock or yours and submit your netlist and placement 
data in electronic form. CAD or CAE WORKSTATION database is 
acceptable either VIA MODEM or on mag tape or floppy disc. 


For other input formats, or additional services such as 
twisted pair, installation of solder clips and capacitors, | AUGil’ 
engineering changes, etc., there will be a slightly 
longer turnaround. 


Call For Details: ' 
Central (713) 495-3100 Wie for 


West (408) 249-8801 wring 
East (617) 222-2202 


Brochure” 
OUR GUARANTEE: ONE-WEEK 
DELIVERY OR YOU PAY NO PREMIUM! 
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OPENS DOORS TO 


INNOVATIVE DESIGN 
WITH USER INSERTABLE CHIPS 


CHIPKEY lets the user insert and remove off-the-shelf 
chips like floppies. 


APPLICATIONS include customizing and 
updating of firmware, downloading software 
packages and data security. 


e Any off-the-shelf 24 or 
28-pin chip, i.e. ROM, 
EPROM, EEPROM, can 
be easily attached 
to CHIPKEYs for 
user insertion 
and removal 
e CHIPKEY 
can be added 
to existing products 
with no circuit board 
changes 


© CHIPKEY’s receptacle transfers 
all chip connections directly 
from key to your circuit board via 
ribbon cable 


© CHIPKEY evaluation kit available. Includes 
everything needed to install CHIPKEY in your 
product in minutes 


Fi or write: 


Anderson Business Computer ABcletelenatiee 


SYSTEMS Mais MNES So Sulie 269 


INC (612) 333-0004 
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separate line for the modem—one that’s not associated 
with the PBX, DBX, or multiline-key telephone. Unfor- 
tunately, this technique involves additional cost. 
Second, you ‘can let the telephone company install a 
transfer key—a switch that allows you to select modem 
or normal operation. In the modem position, the tele- 
phone line from the central office goes directly to the 
modem. The normal position, on the other hand, routes 
the line from the central office into the PBX, DBX, or 
multiline-key telephone. Although this second remedy 
also involves additional cost, it is a one-time cost as 
opposed to the monthly charge you would incur by 
leasing another line. EDN 


Author’s biography 


Jack L Douglass is manager of appli- 
cations engineering at Universal Data 
Systems (Huntsville, AL), where he 
has worked for eight years. He con- 
ducts seminars on data communica- 
tions, provides field and sales support 
of products, and is involved in product 
evaluations. He holds a BSEE from 
the University of Alabama, is a mem- 
ber of the EIA TR30.3 subcommittee, 
and has written two books on data 
communications. Jack’s hobbies in- 
clude oil painting, color-print pro- 
cessing, hunting, fishing, cave explor- 
ing, and programming on a home 
computer. 


Article Interest Quotient (Circle One) 
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1.5 MODEM TERMINOLOGY 


Acoustie Coupler: A device that permits the use of a telephone handset as a 
connection to dial-up telephone lines (rather than a direct connection using 


a DAA interface) for data transmission by means of sound transducers. Usually 
implemented for call origination. 


Aliasing: Aliasing occurs when high frequency noise, which is close or higher 
in frequency to the sampling clock frequency, is "mixed down" (difference 
frequency) into the frequency band of the received carrier signal (applicable 
to sampled data). The TMS99532A and TMS99534A have antialiasing filters in 
both the receive and transmit paths. 


Analog Loopback Mode: A diagnostic mode whereby the transmitted analog output 
is internally connected to the analog receiver input so that the chip's entire 
Signal path is under test. 


Analog Receiver: The analog receiver accepts the audio signals on the 
telephone line as an input, determines if the received signal represents a 
logic one (mark) or a logic zero (space) and outputs the digital result. 


Analog Transmitter: The modem transmitter accepts serial data for an input, 
uses it to modulate an oscillator between two audio frequencies and then 
transmits the resulting analog signal over the telephone line to the remote 
receiver. 


Audible Ringing Tone: A local loop signal for supervisory purposes from the 
Central Office (CO) to the calling telephone to indicate that the called phone 
is ringing’. 


Answer Tone: A tone returned by the answering modem to the originating modem 
and the network. 


Asynehronous Transmission: A data transmission scheme that handles data on a 
character-by-character basis without synchronization (a clocking signal). 
The character code includes a "Start" bit to identify the beginning of a data 
character, a "stop" bit to identify the end of the data character anda 
"parity" bit to check for errors in transmission. 


Attenuation: Decrease of a communication signal's energy during transmission. 


Audio Frequencies: Frequencies in the range of human hearing, i.e., 30 to 
20,000 cycles per second. 


Automatic Calling Unit (ACU): A device that is used to automatically dial a 
telephone number. 


Bandpass Filter: A circuit that outputs a signal band of frequencies. 
Bandwidth: The frequency range or information-carrying capability of a 
communications channel. Conventional dial-up telephone lines have a total 


bandwidth of 300 to 3300 Hz (voice-grade). 


Baseband: Digital information that is to be modulated onto the carrier 
(analog) signal for transmission over the telephone line. 
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Bias (Asymmetrical) Distortion: Distortion affecting a binary (mark, space) 
modulation scheme whereby the actual mark or space has a longer or shorter 
duration than the corresponding theoretical duration. The TMS99532A and 
TMS99534A have built-in mark biasing to compensate for the natural space 
biasing of the telephone lines. 


Bit Error Rate (BER): A measurement of the average number of bits transmitted 
before an error occurs. Usually expressed as the reciprocal of the average. 


Bit Rate (BPS) versus Baud Rate: For modems using voice-grade telephone 
lines, the bit rate equals the data rate. The baud rate is the actual number 
of times per second that the transmitted carrier is modulated or changes 
state. Each modulation may represent multiple bits. 


Carrier: An analog signal fixed in amplitude and frequency that can be 
combined in a modulation process with a second information-bearing signal to 
produce a signal for transmission. 


CCITT (International Telegraph and Telephone Consultative Committee): An 
international forum for communication system standards. 


Central Office (CO): The telephone company's switching station that first 
switches the telephone lines into the network. 


Channel: A one-way communications path. 


C~Message Weighting: The Bell System standard weighting network for the 
evaluation of noise effects on voice-grade data services. Used in bit error 
rate testing. 


Communication Mode: Operational characteristic of a modem relating to 
reception and transmission. A system may have the following options: simplex, 
half-duplex and full-duplex operation. The TMS99532A and TMS99534A have pin 
settings for call answering, call origination, analog loopback testing and 
answer tone enable so that the desired communications function may be 
implemented. 


Coupling (To The Telephone Line): Due to technical and safety reasons, it is 
required to couple the signals to and from the telephone line using a 
transformer. The transformer provides DC isolation between the telephone line 
and the modem. 


DAA (Data Access Arrangement): Prior to 1976, this equipment had to be leased 
from the telephone company as protective circuitry for the dial-up (switched) 
network. Now users may buy or build the necessary circuitry providing it is 
registered with the FCC according to Part 68 of the FCC's regulations. Also 
called Registered Protective Circuit. 


Data Carrier Detect (DCD) Timing: On the TMS99532A and TMS99534A, turn-on 
time for carrier detection and turn-off time for carrier loss can be adjusted 
externally. 
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dB (Decibel): The decibel is defined by the ratio of output signal power to 
input signal power as follows: 


dB = 10 * Logjg (Output Power / Input Power) 


If the output power is less than the input power, the logarithmic result is 
negative. In this case, the line is said to have a loss of that many dB. 


dBm: Input and output signal power may be related to a specific level called 
a dBm for reference purposes. Zero dBm (log 1.= 0) .equals 1 milliwatt 
‘dissipated in 600 ohms impedance. The reference frequency used in most 
circuits is 1000 Hz. Measurements made relative to a reference frequency are 
expressed in decibels relative to 1 milliwatt as follows: 


dBm = 10 * Logig (Signal Pow2r in Milliwatts / 1 Milliwatt) 


Thus, zero dBm means 1 milliwatt and absolute power levels may be expressed as 
so many dBm. 


dBSPL: In acoustics, the unit commonly utilized to measure sound pressure is 
decibel sound pressure level or dBSPL. The zero reference for this measurement 
is 0.0002 dynes per square centimeter. 


dBv: Microphone sensitivities are commonly related to a specific level called 
a dBv for reference purposes. Zero dBv (Log 1 = 0) represents one milliwatt 
dissipated in 1000 ohms impedance. The unit dBv is expressed in terms of the 
peak voltage of a signal referenced to one volt: 


dBv = 20 * Logyo (Peak Voltage of Signal / 1 Volt) 


DCE (Data Communication Equipment): Consists of the modem and any other 
equipment related to the transmission and reception of analog signals over the 
telephone lines such as the FCC approved Registered Protective Circuit. 


DDD (Direct Distance Dial): Dial system for North American Telephone. 


Demodulator: The modem component that converts the received analog signal 
into a digital signal. 


Dial-Up Telephone Lines: Also referred to as the switched network lines, 
these lines are used in voice-grade communications. An FCC approved 
Registered Protective Circuit (DAA) is required for modem operation. 


Direct Connection: Description of a modem connection to the switched network 
that uses a FCC approved Registered Protective Circuit (DAA) rather than an 
acoustic coupler. The modem is physically wired (connected) to the telephone 
network. 


DTE (Data Terminal Equipment): The digital equipment that connects to a modem 
or to the DCE. 


Echo Suppressors: Equipment used by telephone networks to squelch unwanted 
noise on the telephone lines. In the United States, echo suppressors are 
disabled if they see a signal from 2010 to 2240 Hz for at least 400 ms with no 
other substantial energy on the line, and they stay disabled so long as energy 
(at any frequency) on the line has gaps no more than 100 ms long. Elsewhere, 
the frequency range for disabling echo suppressors is from 2079 to 2121 Hz. 
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EIA (Electronic Industries Association) RS-232C: The recognized standard 
serial communications interface often used between a modem and the line 
controller on the switched network. 


Envelope Delay Distortion: Variation of signal delay with frequency in the 
communications channel bandwidth. 


Equalization: Modem circuitry that compensates for the telephone line's 
electrical characteristics. 


FCC (Federal Communications Commission): Government agency that establishes 
communications standards. Part 68 of the FCC's regulations specifies the 
conditions for direct connections to the switched telephone network. 


Fixed Loop Loss Transmit Level Control: This type of connecting arrangement 
permits a maximum adjustable level of no greater than -4 dBm. A resistive 
attentuator is put in the signal path to prevent the transmit level from 
exceeding -12 dBm at the Central Office (CO). However, the received signal is 
unnecessarily attenuated. 


Frequency-Shift Keying (FSK): Frequency modulation method which varies the 
carrier frequency to correspond with binary logic (mark/space being equivalent 
to logic one/zero). The changes in frequency may occur in a continuous manner 
or by abrupt transitions. The TMS99532A and TMS99534A implement a 
continuous-phase FSK scheme of modulation. 


Full Duplex: Provides for simultaneous transmission and reception by both 
modems. 


Gaussian (White) Noise: Background noise which is produced by the normal 
motion of electrons in conducting material. Used in bit error rate testing. 


Half Duplex: Provides for either transmission or reception but each modem may 
perform only one function at a time. 


Handshaking: ibntenchangesol Gcontrol signals to establish a’ data 
communications path. 


Impulse Noise or Surge: A type of high amplitude, short duration interference 
on communications lines caused by such events as lightning, electrical 
sparking action or by the make/break action of switching devices. A DAA is 
required to protect the modem from such voltage surges. 


Local Loop: The local loop is defined by the telephone company as the cable 
that connects the signal switching equipment at the Central Office (CO) to the 
user's telephone or modem. 


Local Loop Current: DC flow in the local loop that indicates to the telephone 
company that a phone is in use. In telephone company terminology, a phone (or 
modem) is "on-hook" when no local loop current is flowing and is "off-hook" 
otherwise. 


Long Haul Modem: May be designed for use on the public switched telephone 
network or for dedicated use on a leased telephone line. The TMS99532A and 
TMS99534A are long haul modems designed for use on the public switched 
telephone network. 
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Mark: Binary logic one in the frequency-shift keying (FSK) modulation scheme 
implemented on the TMS99532A and TMS99534A. 


Microbar: Unit of pressure: one dyne per squarnescentameter ain acoustics, 
microphone sensitivities are commonly referenced to the following unit: 1 volt 
/microbar. 


Modem: Device to convert digital data into an analog signal and vice versa so 
that two electronic devices (such as a computer and a data terminal) may 
communicate over an analog communication system such as the telephone system. 
The word modem is a contraction for modulator/demodulator. 


Modulator: The modem component that converts a digital signal input into an 
analog signal for transmission. 


Off-Hook: Telephone terminology for the electrically connected state of a 
data transmission system, i.e., current is flowing in the local loop. 


On-Hook: Telephone terminology for the electrically disconnected state of a 
data transmission system, i.e., current is not flowing in the local loop. 


Permissive Transmit Level Control: Arrangement that allows the transmit level 
of a modem to be fixed at no greater than -9 dBm regardless of loop loss. 


Programmable Transmit Level Control: Arrangement that permits the transmit 
level to be "programmed" in 1 dB steps from 0 to -12 dBm using a programming 
resister in the connecting circuitry supplied by the telephone company. The 
value of this resistor represents the local loop loss and is defined in Part 
68 of the FCC's regulations. 


Protocol: A set of conventions including handshaking and line control 
functions for communication processes. 


Registered Protective Circuit: Part 68 of the FCC's regulations stipulates 
that all devices connected to the switched network have Registered Protective 
Circuits to prevent damage to the telephone company's equipment. 


Signal-To-Noise Ratio (SNR): ‘An expression in decibels of the relative signal 
and noise power levels present on a communications line. Important for modem 
diagnostics. 


Simplex: Provides for one-way transmission and reception in the following 
manner: one modem is transmit-only and the other modem is receive-only. 


Space: Binary logic zero in the frequency-shift keying (FSK) modulation 
scheme implemented on the TMS99532A and TMS99534HA. 


Switched Network Telephone Lines: See Dial-Up Telephone Lines. 


Two-To-Four Wire Hybrid (Duplexer): Since the telephone line is a two wire 
system that mixes the transmitted and received analog signals, the modem 
requires a two-to-four wire hybrid to separate these signals. The two 
telephone wires are normally called "TIP" and "RING". The four wires of the 
hybrid refer to the transmitter output and ground plus the receiver input and 
ground. 
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Quick Reference 


ASCII Standards 


ANSI American Standard Code 
for Information Interchange (ASCII) 
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NUL = All zeros VT = Vertical tabulation SYN = Synchronous/idle 

SOH Start of heading FF ETB = End of transmitted block 
STX - Start of text CR = Carriage return CAN = Cancel (error in data) 
ETX End of Text s1@) = Shift out EM = End of medium 

EOT = End of transmission S| = Shift in SUB = Start of special sequence 
ENQ = Enquiry DLE Data link escape ESC Escape 

ACK Acknowledgement DC 1 = Device control 1 FS Information file separat 
BEL Bell or attention signal DC 2 = Device control 2 GS Information group separat 
BS Back space DC 3 Device control 3 RS Informat rd separat 
HT Horizontal tabulation DC 4 = Device control 4 US Informatio { separat 
LF e feed NAK = Negative acknowledgement DEL Delet 
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~ Quick Reference 


RS-449 Interface 
SIGNAL PIN PIN SIGNAL 


IEEE-488 Interface DESIGNATION NUMBER NUMBER DESIGNATION 
RECEIVE COMMON 20 SHIELD 


1 
> 2 SIGNALING RATE INDICATOR 
DIO1 = Data | InpuOutput 1 SEND DATAB 22 3 
GROUND SHIELO S . SEND TRING ® Wes 4 SEND DATAA 
ATN ATN * Be RECEIVE DATAB 24 5 SEND TIMING A 
REQUEST TO SENDB_ 25 6 RECEIVE DATA A 
sRQ SRO : e RECEIVE TIMING B26 — 7 REQUEST TO SEND A 
FC "ys DIO8 ——COData Input/Output 8 CLEAR TOSENDB 27 8 RECEIVE TIMING A 
; DAV _ Data Valid TERMINAL IN SERVICE 28 a enh Heaney A 
NOAC NOAC DATA MODE B29 10 LOCAL LOOPBACK 
NRFD Not Ready for Data TERMINAL READY B 30 11. DATAMODE A 
NRFD NAFD NDAC Not Data Accepted RECEIVER READY B31 12 TERMINAL READY A 
ay de IFC Interface Clear SELECT STANDBY 32 13 RECEIVER READY A 
BEN aye NEW SIGNAL “s'34 15 INCOMING CALL 
SRQ Service Request TERMINAL TIMING B35 16 SIGNAL RATE SELECTOR 
D108 DIO4 REN Remote Enable STANDBY INDICATOR 36 Le eM ENS 
SEND COMMON 37 18 TEST MODE 
D107 DI03 EOI —_End or Identify 19 SIGNAL GROUND 
DIO6 pI02 
DIOS D101 
Parallel interface 
(Centronics type) 
SIGNAL PIN PIN SIGNAL 
DESIGNATION NUMBER NUMBER DESIGNATION 
UNDEFINED — 36 18 — +5V 
V.35 Interface UNDEFINED — 35 17 — CHASSIS GND 
UNDEFINED — 34 16 — LOGIC GND 
UNDEFINED — 33 15 — OSCXT 
SIGNAL PIN PIN SIGNAL FAULT — 32 14 — SUPPLY GND 
DESIGNATION NUMBER NUMBER —- DESIGNATION INPUT PRIME — 31 13 — SELECT 
SIGNAL GROUND B A CHASSIS GROUND EEE RIME 7380 ce poey? Fa 
CLEAR TO SEND D C REQUEST TO SEND (R) BUSY — 29 ny 
RECEIVE LINE SIGNAL DETECT F E DATA SET READY (R) ACKNOWLEDGE — 28 10 — ACKNOWLEDGE 
(R) DATA BIT 8 — 27 9 — DATA BIT 8 
(R) DATA BIT 7 — 26 8 — DATA BIT 7 
RECEIVED DATA A P TRANSMITTED DATA (R) DATA BIT 6— 25 7 — DATA BIT 6 
RECEIVED DATA T S TRANSMITTED DATA (R) DATA BIT 5— 24 6 — DATA BIT 5 
RECEIVE TIMING V U TERMINAL TIMING (R) DATA BIT 4— 23 5 — DATA BIT 4 
RECEIVE TIMING xX W_ TERMINAL TIMING 4 —DATABIT 3 
Y TRANSMIT TIMING (R) DATA BIT 3 — 22 
AA TRANSMIT TIMING (R) DATA BIT 2— 21 3 — DATA BIT 2 


2 — DATA BIT 1 
1 — DATA STROBE 


(R) INDICATES 
SIGNAL 
GROUND 
RETURN 


(R) DATA BIT 1 — 20 
(R) DATA STROBE — 19 


RS-232 Interface 


SIGNAL PIN PIN SIGNAL 
DESIGNATION NUMBER NUMBER DESIGNATION 


rROTECTIVE GROUND 


_ 


SECONDARY TRANSMITTED DATA 14 


DCE TRANSMITTER SIGNAL ELEMENT TIMING 15 1 ; assailant a 
SECONDARY RECEIVED DATA 16 4 REQUEST TO SEND 
IVER SI 
RECEIVER SIGNAL ELEMENT TIMING Md 5 CLEAR TO SEND 
6 DATA SET READY 
eae aes cae free 7 SIGNAL GROUND/COMMON RETURN 
pe aN Aes pes decnenibe bey 8 RECEIVED LINE SIGNAL DETECTOR 
SIGNAL QUALITY DETECTOR 21 9  +VOLTAGE 
RING INDICATOR = 22 10 —VOLTAGE 
DATA SIGNAL RATE SELECTOR 23 "1 
a ll cn Wg i eta ikl 12 SECONDARY RECEIVED LINE SIGNAL DETECTOR 


# SECONDARY CLEAR TO SEND 
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Quick Reference 


BNC 
Connector: 


_C Connector: 


Coaxial 


Connector: 


Contact: 


Herma- 
phroditic 


Connector: 


Hermetic: 


HN 


Connector: 


Insertion 


Interface: 


MHV 
Connector: 


Microstrip: 


Connector Glossary 


Features a bayonet coupling, used where 
quick connect/disconnect is desired yet 
positive locking is needed. 


Similar in size to N connectors, however, 
with bayonet locking. The dielectric over- 
lap provides good voltage handling capa- 
bilities, but bayonet coupling does not 
perform well electrically during vibration. 


Comprised of two concentric conductors 
separated by a dielectric (insulator) and 
is most commonly used as an extension 
of a transmission line to facilitate inter- 
connects. 


The conducting part of a connector that 
acts with another such part to complete 
or break a circuit. Contacts provide a 
separable through connection in a cable 
to cable, cable to module, or module to 
module situation. 


An interconnecting device in which both 
mating parts are identical at their mating 
surfaces. Also called Sexless Connectors. 


Airtight. Since all materials are permeable, 
specifications define acceptable levels of 
hermeticity. The maximum allowable leak 
rate for coaxial connectors is usually speci- 
fied as less than 1 x 10 * cc/sec. standard 
air equivalent with one atmosphere differ- 
ential. 


Slightly larger than N, but uses basically 
the same cable. It is designed to have in- 
creased voltage capabilities without the 
loss of its RF parameters through about 
4 GHz. 


The loss in load power resulting from the 
insertion of a connector, component or 
device. 


A connector designed to give superior RF 
performance. This normally is a test port 
connector and is used for precision 
microwave measurement. A high degree 
of repeatability can be expected. It is not 
designed for use in harsh environments. 


The physical connection between two 
systems or devices or the matching of 
adjacent components, circuits or equip- 
ment. 


High voltage version of the BNC. Ground 
connection is broken before power con- 
nection. Inactivated under MIL-C-39012 
and replaced by SHV. 


Two parallel conductive planes separated 
by a dielectric. The narrow strip is the 


signal conductor and the wider strip is the 


signal ground. 


Military 
Grade: 


N Connector: 


SC 


Connector: 


SHV 
Connector: 


SMA 


Connector: 


SMB 


Connector: 


SMC 


Connector: 


SSMA 
Connector: 


Stripline: 


TNC 


Connector: 


TPS 


Connector: 


Transmission 
Line: 


Voltage 
Standing 
Wave Ratio: 


A connector designed to give adequate 
RF performance and meet mechanical and 
environmental requirements usually seen 
in system applications. It is normally a 
high useage item. 


The first matched RF connector exhibiting 
good RF performance but limited voltage 
handling capabilities. It has threaded 
coupling for mating. 


Often referred to as the Screwed C. 
Popular in areas which experience high 
vibration. 


Designed to replace the MHV for high 
energy physics applications. 


High performance subminiature connec- 
tor. Widely used in high performance 
military systems and state-of-the-art test 
equipment, as well as where miniaturiza- 
tion is desired. 


Snap-on version of the SMC, more limited 
in its performance. 


Threaded subminiature connector. Does 
not have the high performance of the 


SMA. 


Smaller than SMA for reduced packaging 
requirements, allows for higher frequency 
performance. 


Similar to microstrip except with three 
parallel conductors separated by dielectric. | 
The narrow center strip is the signal con- 
ductor and the wider outer stips are the 
signal ground planes. 


Threaded version of the BNC featuring 
higher frequency capabilities because of 
their more stable mating. They are popular 
where the larger SC and N connectors are 


‘too big but a threaded coupling is needed. 


Miniature bayonet connector, smaller than 
BNC, with improved performance to 


10 GHz. 


Used to guide the propagation of electro- 
magnetic waves and confine it to prevent 
the loss of energy. 


(VSWR). The ratio of the incident wave 
to the reflected wave in a transmission 
line. This represents a figure of merit for 
the impedance mismatch within the line 
and will vary with frequency. 
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? Quick Reference 


Coaxial Connector Performance 


Frequency Range and Band Designation 


VU 

% nErt—s—t ctxt w+ « Ka 

Ollel) 2. ns ae 12.4) 150 Tet 26.5. 30 45 
CONNECTOR GHruGH: GHz) CHa GH: GH: (GH: GH. GH: GH; GH: 


TYPE 
N MIL-C-39012/1-/5———1 
C MIL-C-39012/6-15——} 
BNC }MIL-C-39012/16-/24- . 
TNC MIL-C-39012/26-/34——+4 
SC MIL-C-39012/35-/43-—— 
Flexible ati MIL-C-39012/55-/62 +] 
SMB } MIL-C-39012/67-/72- 
SMC MIL-C-39012/73-/78-——_} 
een aut MIL-C-39012/79-/83 —____——_} 


MHV | MIL-C-39012/100-/104 (Frequency Not Applicable) 


SHV | MIL-C-39012/105-/111 (Frequency Not Applicable) 


TNC 


High Frequency MIE-C-39012/112-/ 116% —-— 


N MIL-C-39012/129-/132 ————_—_—_ 
High F 
Tae pe MIL-C-55235 ——— 
HN MIL-C-3643-—— 
Cue IEC Document 457-2 and IEEE 287 ———-4 
Semirigid Cable DESC Drawing 85071 and 85072 ———~+} 
QSPS 
Flexible Cable DESC Drawing 85073 and 85074 + 
3.5mm IEC Document Not Released —————————_+4 
SSMA IEC Document 169-18 ——+} 
SMA No Standard Applicable —————-—————4 


Extended Frequency 


* Being revised 18 GHz 
OSP is a trademark of M/A COM Omni Spectra, Inc. 
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Quick Reference _ 


United States Microwave Applications by Frequency 


10g 

ls GHz 
| 

q | | a 


GLOBAL POSITIONING AERO NAVIGATION (OME, 
SYSTEM (GPS) DOWN LINK na TACAN, JTIDS, IFF/ATC) 
pace MILITARY COMMUNICATIONS 
L-BAND TELEMETRY | eer AND RADARS 
: 4.35 
460 MISCELLANEOUS 
1.435 4.40 
MARISAT DOWN LINK D Bs COMMUNICATIONS 
AND RADARS 
m E Se nn 
GPS DOWN LINK FE] 1.838 
760 MILITARY COMMUNICATIONS 
MARISAT UP LINK ir oo (TROPOSCATTER, TELEMETRY) 
4.71 
COMMERCIAL 
TRACKING AND DATA E rH EAC AT ONG 
RELAY SATELLITE (TORS) (COMMON CARRIER 
DOWN LINK ne —2 AND PRIVATE 
- <——— LINE OF SIGHT (LOS)) 
TDRS UP LINK AND Ln ome Bas 
S-BAND TELEMETRY a , ig COMMERCIAL COM 
2.45 Bae AND RADARS 
MICROWAVE OVENS 2 aa <— 
270 


INSTRUCTIONAL TV 


MARITIME NAVIGATION 
RADAR 


RADAR ALTIMETER 


MICROWAVE LANDING 
SYSTEM (COMMERCIAL) 


C-BAND WEATHER RADAR 


MOBILE TV LINKS 


H 
MILITARY LOS 


COMMUNICATIONS ay 


PRECISION APPROACH RADAR 


X-BAND WEATHER RADAR 
AND MARITIME NAVIGATION 
RADAR 


30 


92 


MILITARY RADARS 
+ AIRPORT SURVEILLANCE) 


a MISCELLANEOUS RADARS 


90 COMMERCIAL C-BAND 
370 SAT COM DOWN LINK 
AND LLOS) 
—--Q 


42 44 


MILITARY COMMUNICATIONS 
“*———- (TROPOSCATTER, TRC-170) 
493 —_6 
a 5.25 


[— MISCELLANEOUS RADARS 


5.925 


COMMERCIAL C-BAND 


SAT COM UP LINK 
tags [AND LOS) 


6 425 


592 4 


6425 

COMMERCIAL 
Ra ses COMMUNICATIONS (COMMON 
—7 CARRIER AND PRIVATE LOS) 


7 250 i 
7.78 
igs Re Mid ae ase MILITARY SAT COM 
he bt DOWN LINK (AND LOS) 
se ga 
MILITARY SAT COM 
UP LINK (AND LOS) 


—8 
33 


tea << WISCELLANEOUS RADARS 
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Quick Reference 


United States Microwave Applications by Frequency 


[ass 
POLICE RADAR —10 COMMERCIAL MOBILE 
10. sree 10.5 ‘ COMMUNICATIONS (LOS, 
COMMON CARRIER LOS COM OM “TSS pe ELEX NEWS GATHERING (ENG) 
—11 
COMMERCIAL Ku-BAND Bie ry tii 
SAT COM DOWN LINK a ———— COMMUNICATIONS 
DIRECT BROADCAST SATELLITE —18 
(DBS) DOWN LINK AND PRIVATE 
LOS COMMUNICATIONS 
13.25 —13 
MISCELLAN RADARS 
ELEX NEWS GATHERING eynes AND SAT eae 
LOS COMMUNICATIONS 
; 14.0 —14 
TORS DOWN LINK 145 MILITARY COMMUNICATIONS 
<—@—— (LOS, MOBILE TACTICAL) 
COMMERCIAL Ku-BAND —18 
SAT COM UP LINK ae 15 35 
TDRS UP LINK —16 


——_§£_—\@ —_ MISCELLANEOUS RADARS 
AERO NAVIGATION 


AF? 
a COMMERCIAL 
18.36 COMMUNICATIONS 
<a 


DIRECT BROADCAST SATELLITE 
(DBS) UP LINK 


PRIVATE LOS COMMUNICATIONS SSIES RN TSE) 


COMMON CARRIER 
LOS COMMUNICATIONS 
.—— MILITARY SAT COM 


MILSTAR DOWN LINK 


ASC 4 AND 5 DOWN LINK 


MISCELLANEOUS 
(PLAN 
LANNED) jie 


2425 
i 25 ee MILITARY COMMUNICATIONS 
25.25 


2415 


POLICE RADAR 


NAVIGATION RADAR 


ARECTUMDIMETIRPEETIX \\ [|| et eS ee 
ae a cf cae: 


—26 
ASC 4 AND 5 UP LINK 275 
(PLANNED) 275 9s COMMERCIAL 
<a ———_ COMMUNICATIONS 
esg5 
heed 300 
300 —30 
30.0 i sek MILITARY SAT COM 
NAVIGATION RADAR Oe ee 
oo COMMERCIAL 
33 4 COMMUNICATIONS 
—39a 


<—<?A—_—_\_\——_ MISCELLANEOUS RADARS 


36 O 


—36 
36 0 
feo <—_——— MILITARY COMMUNICATIONS 
COMMUNICATIONS aes 
See Mace COMMERCIAL 
400 | ie <——— COMMUNICATIONS 
—430 
40.0 
MISCELLANEOUS 
vin COMMUNICATIONS 
43.0 oo AND RADARS 
MILSTAR UP LINK mgt 


Radar Bands per IEEE Sta. 521 
ECM Bands per USAF Reg 55 44 
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Quick Reference 


Computing Antenna Gain 


Antenna gain, Go. in dB can be computed with following equation: 


Gp = 20 log-D. + 10 log f + 9.938 
A 


where: 
D = Diameter of antenna 
f = Illumination factor 
= Wavelength (same unit as diameter) 


(An illumination factor of 0.6 is assumed) 


Gain in dB can also be estimated using the nomograph 
below which assumes an illumination factor of 0.5. 


1 30,000 
60 20,000 
a 2 
oc 50 
3.0 BOP an 3 10,000 
w 2.5 8 7 a5 4 8,000 
= 2.0 65 & 5 6,000 
CamertS Seoels = Beped: 5,000, 
E Aa a 30 = 8 4,000 
ac 3 w 3 =aero 3000 = 
< 0.75 a < - > 
a 2= <{ 200 2000) ses 
Die ag ; alae te 
ce 0.50 = Wi 29 = 
= Oo Ww fe) 
O - 10 > uy 
1 oO <q 30 1,000 oc 
Lu Ww = we 
_ 0.25 y 40 800 
aT rr’ 0 
2 oY 50 600 
oc 60 500 
80 400 
100 300 
200 
200 
300 100 


ANTENNA GAIN NOMOGRAPH 
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a Quick Reference 


VSWR vs. Return Loss (R) 


VSWR R dB VSWR R dB VSWR R dB VSWR R dB VSWR R dB 
1.001 66.025 1.060 30.714 1.138 23.803 1.480 14.264 5.400 3.259 
1.002 60.009 1.061 30.575 1.140 23.686 1.490 14.120 5.600 3.136 
1.003 56.491 1.062 30.438 1.142 23.571 1.500 131979 5 800 3.025 
1.004 53.997 1.063 30.303 1.144 23.457 1.520 13.708 6.000 2.923 
1.005 52.063 1.064 30.171 1.146 23.346 1.540 13.449 6 200 2.827 
1.006 50 484 1.065 30.040 1.148 23.235 1.560 13.201 6.400 2.137 
1,007 49.149 1.066 20912 1.150 23.127 1.580 12.964 6.600 2.653 
1.008 47.993 1.067 29.785 1.152 23.020 1.600 12.736 6.800 2.573 
1.009 46.975 1.068 29.661 1.154 22.914 1.620 12.518 7.000 2.499 
1.010 46 064 1.069 29.538 1.156 22.810 1.640 12.308 7.200 2.428 
1.011 45 240 1.070 29.417 1.158 22.708 1.660 12.107 7.400 2.362 
1.012 44.489 1.071 29.298 1.160 22.607 1.680 11.913 7.600 2.299 
1.013 43 798 1.072 29 181 1.162 22.507 1.700 ines 7.800 2.239 
1.014 43.159 1.073 29,066 1.164 22.408 1.720 11.545 8.000 2.183 
1.015 42.564 1.074 28.952 1.166 22.311 1.740 11.370 8.200 2.129 
1.016 42.007 1.075 28.839 1.168 22.215 1.760 11.202 8.400 2.078 
1.017 41.485 1.076 28.728 1.170 22.120 1.780 11.039 8.600 2.029 
1.018 40.993 1.077 28.619 1.172 22.027 1.800 10.881 8.800 1.983 
1.019 40 528 1.078 28.511 1.174 21.934 1.820 10.729 9.000 1.938 
1.020 40.086 1.079 28.405 1.176 21.843 1.840 10.581 9.200 1.896 
1.021 39.667 1.080 28.299 1.178 21.753 1.860 10.437 9.400 1.855 
1.022 39.867 1.081 28.196 1.180 21.664 1.880 10.298 9.600 1.816 
1.023 38.885 1.082 28.093 1.182 21.576 1.900 10.163 9.800 IL TEAS) 
1.024 38.520 1,083 27.992 1.184 21.489 1.920 10.032 10.000 1.743 
1,025 38.170 1.084 27.892 1.186 21.403 1.940 9.904 11.000 1.584 
1.026 37.833 1.085 27.794 1.188 21.318 1.960 9.780 12.000 1.451 
1.027 37.510 1.086 27.696 1.190 21.234 1.980 9.660 13.000 1.339 
1.028 37.198 1.087 27.600 , 1.192 2 Fate 2.000 9.542 14.000 1.243 
1.029 36.898 1.088 27.505 1.194 21.069 2.100 8.999 15.000 1.160 
1.030 36.607 1.089 27.411 1.196 21.988 2.200 8.519 16.000 1.087 
1.031 36.327 1.090 27.318 1.198 20.907 2.300 8.091 17.000 1.023 
1.032 36.055 1.091 27.226 1,200 20.828 2.400 7.707 18.000 0.966 
1.033 39.792 1.092 27.135 1.210 20.443 2.500 7.360 19.000 0.915 
1.034 35.537 1.093 27.046 1.220 20.079 2.600 7.044 20.000 0.869 
1.035 35.290 1.094 26.957 1.230 19.732 2.700 6.755 22.000 0.790 
1.036 35.049 1.095 26.869 1.240 19.401 2.800 6.490 24.000 0.724 
1.037 34.816 1.096 26.782 1.250 19.085 2.900 6.246 26.000 0.668 
1.038 34.588 1.097 26.697 1.260 18.783 3,000 6.021 28.000 0.621 
1.039 34.367 1.098 26.612 1.270 18.493 3.100 5.811 30.000 0.579 
1.040 34.151 1.099 26.528 1.280 18.216 3.200 5.617 32.000 0.543 
1.041 33.941 1.100 26.444 1.290 17.949 3.300 5.435 34 000 0.511 
1.042 33.763 1.102 26.281 1.300 17.692 3.400 5.265 36.000 0.483 
1.043 33.536 1.104 26.120 1.310 17.445 3.500 5.105 38.000 0.457 
1044 33 341 1.106 25.963 1.320 17.207 3.600 4.956 40.000 0.434 
1.045 33,150 1.108 25,809 1.330 16.977 3.700 4815 42.000 0.414 
1.046 32.963 1.110 25.658 1.340 16.755 3.800 4.682 44.000 0.395 
1.047 32.780 Veil 25.510 1.350 16.540 3.900 4.556 46.000 0.378 
1.048 32.602 1.114 25.364 1.360 16.332 4.000 4.437 48.000 0.362 
1.049 32.427 1.116 25.221 1.370 16.131 4.100 4.324 50.000 0.347 
1.050 32.256 1.118 25.081 1.380 15.936 4.200 4.217 55.000 0.316 
1.051 32.088 1.120 24.943 1.390 15.747 4.300 4.115 60.000 0.290 
1.052 31.923 1.122 24.808 1.400 15.563 4 400 4018 65.000 0.267 
1.053 31.762 1.124 24.675 1.410 15.385 4.500 3.926 70.000 0.248 
1,054 31.604 1.126 24.544 1.420 15.211 4.600 3.838 75.000 0.232 
1.055 31.449 1.128 24.415 1.430 15.043 4.700 3.753 80.000 0.217 
1.056 31.297 1.130 24 289 1.440 14.879 4.800 3.673 85.000 0.204 
1.057 31.147 1.132 24.164 1.450 14.719 4.900 3.596 90.000 0.193 
1.058 31.000 1.134 24.042 1.460 14.564 5.000 3.522 95.000 0.183 
1.059 30.856 1.136 23.921 1.470 14.412 5.200 3.383 100.000 0.174 
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Quick Reference 


dBm to Watts 


dBm Milliwatt dBm Milliwatt dBm _  Milliwatt dBm  Milliwatt dBm  Milliwatt dBm  Milliwatt dBm _  Milliwatt 


Bye 0 0.01S8R = 1198 0.0776 Mie) 4n0:380 oF 1.86 96 912 16.5 44.7 23.4 219 
-179 0.0162 -110 0.0794 -41 0.389 2.8 1.91 9.7 9.33 16.6 45.7 23.5 224 
~178 0.0166 -109 0.0813 -40 0.398 2.9 1.95 98 9.55 16.7 46.8 23.6 229 
=477 0.0170) =10.87 © 0.0832 §37=3:9 . «0.407 3.0 2.00 99 9.77 16.8 479 23.7 234 
S476. 00.0174? 110.728 0.0851. 8a5-3.8° 270.417 3.1 2.04 10.0 10.0 16.9 49.0 23.8 240 
S475 =) O.0N7R8 10.6) © .0.0871 REP 3.7% 420:427 3.2 2.09 10.4 10.2 17.0 50.1 23.9 245 
SAA) 0101821 =10:57 F 0.0801 W386. 440,497 33 2.14 10.2 10.5 174 513 24.0 251 
4713 (0.0186). —10.4) § 0.0912 445-35 . 0447 3.4 3.19 10.3 10.7 172 52.5 24.1 257 
ae Pry 1 tr 10.se 5 070903 8 40457 3.5 2.24 10.4 11.0 17.3 53.7 24.2 263 
Sy) 0.01954...=10.2.. 0.0955 3.9. “oes 3.6 2.29 10.5 11.2 17.4 55.0 24.3 269 
£7) 00.0200 = 10.480 0.0977 Bhi-3.2))/4K0:479 3.7 2.34 10.6 11.5 17.5 56.2 24.4 275 
169 0.0204; -10.0%° 0.100 -3.1 0.490 3.8 2.40 10.7 11.7 17.6 57.5 24.5 282 
2468 0.0209 - 99) 0.102 23.0 9801501 3.9 2.45 10.8 12.0 17.7 58 9 24.6 288 
e700 0.0214) - = 9.828 .0.105 =29  gh513 40 2.51 10.9 12.3 17.8 60.3 24.7 295 
=4166 0.0219' <= 9.7) 4 0.107 28 aR 0525 41 2.57 11.0 126 179 61.7 24.8 302 
=165 0.0224 — 9.6! 8 0.110 O70 Ba05az 4.2 2.63 114 12.9 18.0 63.1 24.9 309 
HGH 0.02200 | = 9.54% 0.112 ~26 0.550 43 2.69 mee! 13.2 18.1 64.6 25.0 316 
“463 00234 —- 9.477 0.115 2.5 » 0§0.562 44 2.75 11.3 13.5 18.2 66.1 25.1 324 
ies 100240, 2 93, 10.197 Aen) 575 45 2.82 11.4 13.8 183 676 25.2 331 
EiGuiO.024505 19.2. , 0.120 -23 0.589 46 2.88 11.5 141 18.4 69 2 25.3 339 
Bieoo > O025ia = 9 tH 0.123 2.2 40603 47 2.95 11.6 145 18.5 70.8 25.4 347 
2459) 0.02578 — 9.07% 0,126 221) wEO6t7 48 3.02 Tey 14.8 18.6 72.4 255 355 
5G: | 0.0260) “= 8.95 40.129 52.0) 0.631 49 3.09 11.8 15.1 187 74.1 25.6 363 
2467. 0.0269! -— 88). 0.132 -1.9 0646 5.0 3.16 11.9 155 18.8 759 257 372 
M56). 0.0275) =. 89a ¥ 0.135 -18 0661 51 3.24 12.0 15.8 18.9 77.6 258 380 
2155. -0,0282) + 6.634 0.138 =1.7 § 50.676 5.2 3.31 12.1 16.2 19.0 794 25.9 389 
154. 0.0288 += 8:50 0.141 -16 0692 5.3 3.39 12.2 16.6 19.4 81.3 26.0 398 
-153 0.0295 - 84 0.145 =15 §n0.708 54 3.47 12.3 17.0 19.2 83.2 26.1 407 
~152 0.0302 - 83 0.148 Aer m0 724 55 3.55 12.4 17.4 19.3 85 1 26.2 417 
a4, 0.0000, .— 82,, 0.151 ee Se dege 56 3.63 125 17.8 19.4 87.1 26.3 427 
245.0 ' 0.0316" © = 8% 0.155 =120 aR O:759 57 3.72 126 18.2 19.5 89 1 26.4 437 
A140 | 0.0424 = 6.0) 1 0.158 21,1 840,776 5.8 3.80 yor 18.6 19.6 91.2 26.5 447 
S446) o10a3" (= 7.918. 0.162 1.0 Wi 0.794 59 3.89 12.8 19.1 19.7 93.3 26.6 457 
147% 0.0339). ° = 7.875, 0.166 =0.9 490.012 6.0 3.98 129 195 19.8 95 5 26.7 468 
Biase | 0.034% «~ 7H yh 0.170 O18 - a6? 6.1 4.07 13.0 200 19.9 97.7 26 8 479 
S145) 90.0358 =. 7.615,0.174 207) 47 0.851 6.2 417 13.1 204 20.0 100 26.9 490 
sya 96.0396% | 47.534) 00.178 #06 0 AF 0.871 6.3 4.27 13.2 209 201 102 27.0 501 
3443 0.0372 — 7.4 9 0.182 -05 0.891 6.4 4.37 13,3 214 20 2 105 27.1 513 
=44'2) 0.0380" = "73" "0.186 = 0.4 =°0.912 65 4.47 13.4 219 203 107 27.2 525 
ais, 0.08698 = 72"™ 0.191 =013 8? 6.943 66 4.57 13.5 22 4 20.4 110 27.3 537 
40) 0.0398, “= 74s 0.195 -02 0955 67 4.68 13.6 229 205 112 27.4 550 
2139 0.040%, = 7G) 9 0.200 =0.4 0.977 6.8 4.79 13.7 23.4 20.6 115 27.5 562 
~138 00417 - 69 0.204 0.0 1.00 69 4.90 13.8 24.0 20.7 117 27.6 575 
~137 00427 - 68 0209 01 1.02 70 5.01 13.9 245 20.8 120 oT 7 589 
3186 » 0.0437, = 67) 4 0214 0.27 mr 1.05 74 5.13 14.0 25.1 209 123 278 603 
=135 0.0447 - 66. 0.219 03° . 1,07 he 5.25 144 25.7 210 aaiako6 27.9 617 
~13.4 0.0457  - 65 0.224 04 1.10 7.3 5 37 14.2 26.3 21.4 129 28.0 631 
-133 0.0468 - 64 0.229 0.5: med. t2 74 550 14.3 26.9 22 132 28.1 646 
2439/9 0.0479 = 6:3~-0:234 06 115 75 5.62 14.4 275 213 135 28.2 661 
=131- 00490  —6:2" 0.240 Tag 76 5.75 145 28.2 21.4 138 28.3 676 
-13.0 0.0501 - 61 0.245 bee. 4-20 7.7 5.89 146 28.8 21.5 141 28.4 692 
41719 |. 0.0618 == 610 « 40.251 0.9 ann.23 78 603 147 29.5 216 145 28.5 708 
128 00525, = 50) 0.257 1:0. wa t-26 79 6.17 14.8 30.2 7, 148 28.6 724 
27 460.083% «= 5.8). 0.263 11 1.29 8.0 6.31 149 30.9 21.8 151 28.7 741 
Wi28 0.0550 = Sia 0.269 1:2 aaa 32 8.1 6.46 15.0 316 219 155 28.8 759 
~125 00562 - 56 0.275 1:9) eal.35 8.2 661 154 32.4 220 158 28.9 776 
-124 0.0575 - 55 0.282 14 #438 8.3 6.76 15.2 33 1 22.1 162 29.0 794 
-123 00589 - 54 0288 5 mat.A 8.4 6 92 153 33.9 202 166 291 813 
-122 00603 - 53 0.295 16 1.45 85 708 154 34.7 22.3 170 29.2 832 
423 0061, “= 52> 02302 17° 4.48 86 7.24 155 35.5 22.4 174 29.3 852 
“AZO, 0.06371 = 5H 0.309 185 ww h.Si 87 7.41 156 36.3 22.5 178 29 4 871 
119 0064 -— 50° 0.316 (O° 4g F155 88 7.59 157 37 2 226 182 29.5 891 
-118 00661 -- 49 0.324 20nd, 58 89 7.76 15.8 38.0 227 186 29.6 912 
2447 0.0676 | = 48.4 10.331 21 1.62 90 794 15.9 38.9 22 8 191 297 933 
2476* 0.0692 -- 474 0.339 22 1.66 91 813 16.0 39 8 229 195 29.8 955 
=41.5° 0.0708 ~~ ="4:6 0.347 29-470 92 8.32 161 40.7 230 200 299 977 
-114 00724 - 45 0355 Dal 474 93 851 16.2 417 23 1 204 30.0 1000 
443 & O0741, =) 44) & 10.368 a5. Pit 78 94 871 163 427 232 209 
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Quick Reference 


dBm to Watts | 


dBm Watts dBm Watts dBm Watts dBm Watts dBm Watts dBm Watts 
30.1 1.02 36.8 4.79 43.5 22.40 50.2 105.00 56.9 490 00 636 2290 00 
30.2 1.05 36.9 4.90 43.6 22.90 50.3 107.00 57.0 501.00 63.7 2340.00 
30.3 1.07 37.0 5.01 43.7 23.40 50.4 110.00 57.1 513.00 63.8 2400.00 
30.4 1.10 37.1 §.13 43.8 24.00 50.5 112.00 57.2 525.00 63.9 2450.00 
30.5 1.12 37.2 5.25 43.9 24.50 50.6 115.00 Seo 537.00 64.0 2510.00 
30.6 5 Las bs) 37.3 Vs y/ 440 25.10 50.7 117.00 57.4 550.00 64.1 2570.00 
618) TAT 37.4 5.50 44.1 25.70 50.8 120.00 57.5 562.00 64.2 2630.00 
30.8 1.20 37.5 5.62 44.2 26.30 50.9 123.00 57.6 575.00 64.3 2690.00 
30.9 1.23 37.6 3): fr) 443 26.90 51.0 126.00 TT 589.00 64.4 2750.00 
31.0 1.26 Olatl 5.89 44.4 27.50 51.1 129.00 57.8 603.00 64.5 2820.00 
Sle 1.29 328 6.03 44.5 28 20 Bir 132.00 57.9 617.00 64.6 2880.00 

abe 1.32 37.9 Oly 446 28.80 513 135.00 58.0 631.00 64.7 2950.00 
Biko 135 38.0 6.31 447 29.50 51.4 138.00 58.1 646.00 64.8 3020.00 
31.4 1.38 38.1 6.46 448 30.20 55 141.00 58.2 661.00 649 3090.00 
C15 1.41 38.2 6.61 449 30.90 51.6 145.00 58.3 676.00 65.0 3160.00 
31.6 1.45 383 6.76 45.0 31.60 Sic7. 148.00 58.4 692.00 65.1 3240.00 
Silay 1.48 38.4 6.92 45.1 32.40 51.8 151.00 58.5 708.00 65 2 3310.00 
31.8 1.51 38.5 7.08 45.2 33.10 51.9 155.00 58.6 724 00 653 3390.00 
31.9 1255 38.6 7.24 45.3 33.90 52.0 158.00 58.7 741.00 65.4 3470.00 
32.0 1.58 38.7 7.41 45.4 34.70 52.1 162.00 58.8 759.00 65.5 3550.00 
32.1 1.62 38.8 7.59 45.5 35.50 52.2 166.00 58.9 776.00 65.6 3630.00 
32.2 1.66 38.9 7.76 45.6 36.30 52.3 170.00 59.0 794.00 65.7 3720.00 
32.3 1.70 39.0 7.94 45.7 37.20 52.4 174.00 59.1 813.00 65.8 3800.00 
32.4 1.74 39.1 8.13 458 38.00 52.5 178.00 59.2 832.00 65.9 3890.00 
32.5 1.78 39.2 8.32 45.9 38.90 52.6 182.00 59.3 851.00 66.0 3980.00 
32.6 1.82 39.3 8.51 46.0 39.80 el Y/ 186.00 59.4 871.00 66.1 4070.00 
SEA 1.86 39.4 8.71 46.1 40.70 52.8 191.00 59.5 891.00 66.2 4170.00 
32.8 1.91 39.5 8.91 46.2 41.70 52.9 195.00 59.6 912.00 66.3 4270.00 
32.9 1.95 39.6 9.12 46.3 42.70 53.0 200.00 59.7 933.00 66.4 4370.00 
33.0 2.00 39.7 9.33 46.4 43.70 534 204.00 59.8 955.00 66.5 4470.00 
Sat 2.04 39.8 9.55 465 44.70 53.2 209.00 59.9 977.00 66.6 4570.00 
B32 2.09 39.9 9.77 46.6 45.70 S33 214.00 60.0 1000.00 66.7 4680.00 
Sieh! 2.14 40.0 10.00 46.7 46.80 53.4 219.00 60.1 1020.00 66.8 4790.00 
33.4 2.19 40.1 10.20 46.8 47.90 53.5 224.00 60.2 1050.00 66.9 4900.00 
3385 2.24 40.2 10.50 46.9 49.00 53.6 229.00 60.3 1070.00 67.0 5010.00 
33:5 2.29 40.3 10.70 47.0 51.10 53M 234.00 60.4 1100.00 67.1 5130.00 
Bou 2.34 40.4 11.00 47.1 51.30 53.8 240.00 60.5 1120.00 67.2 5250.00 
33.8 2.40 40.5 11.20 47.2 52.50 53.9 245.00 60.6 1150.00 67.3 5370.00 
33.9 2.45 40.6 11.50 47.3 53.70 54.0 251.00 60.7 1170.00 67.4 5500.00 
34.0 251 40.7 AAITAL 47.4 55.00 54.1 257.00 60.8 1200.00 67.5 5620.00 
341 2.57 40.8 12.00 475 56.20 54.2 263.00 60.9 1230.00 67.6 5750.00 
34 2 263 40.9 12.30 47.6 57.20 54.3 269.00 61.0 1260.00 67.7 5890.00 
34.3 2.69 41.0 12.60 47.7 58.90 54.4 275.00 61.1 1290.00 67.8 6030.00 
34 4 Va he) 41.1 12.90 47.8 60.30 54.5 282.00 61.2 1320.00 67.9 6170.00 
34.5 2.82 41.2 13.20 479 61.70 54.6 288.00 613 1350.00 68.0 6310.00 
34.6 2.88 41.3 13.50 48.0 63.10 54.7 295.00 61.4 1380.00 68.1 6460.00 
347 2.95 41.4 13.80 48.1 64.60 54.8 302.00 61.5 1410.00 68.2 6610.00 
348 3.02 415 14.10 48.2 66.10 54.9 309.00 61.6 1450.00 68.3 6760.00 
34.9 3.09 41.6 14.50 48.3 67.60 55.0 316.00 61.7 1480.00 68.4 6920.00 
35.0 3.16 417 14.80 48.4 69.20 Stop 324.00 61.8 1510.00 68.5 7080.00 
B51 3.24 418 15.10 48.5 70.80 55:2 331.00 61.9 1550.00 68.6 7240.00 
35.2 3.31 41.9 15.50 48.6 72.40 5a 339.00 62.0 1580.00 68.7 7410.00 
95:3 3.39 42.0 15.80 48.7 74.10 55.4 347.00 62.1 1620.00 68.8 7590.00 
35.4 3.47 42.1 16.20 48.8 75.90 S55 355.00 62.2 1660.00 68.9 7760.00 
35.5 BibS 42.2 16.60 48.9 77.60 55.6 363.00 62.3 1700.00 69.0 7940.00 
35.6 3.63 42.3 17.00 49.0 79.40 55.7 372.00 62.4 1740.00 69.1 8130.00 
B57 Sune 42.4 17.40 49.1 81.30 55.8 380.00 62.5 1780.00 69.2 8320.00 
35.8 3.80 42.5 17.80 49.2 83.20 55.9 389.00 62.6 1820.00 69.3 8510.00 
35.9 3.89 42.6 18.20 49.3 85.10 56.0 398.00 62.7 1860.00 69.4 8710.00 
36.0 3.98 427 18.60 49.4 87.10 56.1 407.00 62.8 1910.00 69.5 8910.00 
36.1 407 42.8 19.10 49.5 89.10 56.2 417.00 62.9 1950.00 69.6 9120.00 
36.2 4.17 42.9 19.50 49.6 91.20 56.3 427.00 63.0 2000.00 69.7 9330.00 
36.3 4.27 43.0 20.00 49.7 93.30 56.4 437.00 63.1 2040.00 69.8 9550.00 
36.4 4.37 43.1 20.40 498 95.50 56.5 447.00 63.2 2090.00 69.9 9770.00 
36.5 4.47 43.2 20.90 49.9 97.70 56.6 457.00 63.3 2140.00 70.0 10000.00 
36.6 4.57 43.3 21.40 50.0 100.00 56.7 468.00 63.4 2190.00 


36.7 4.68 43.4 21.90 50.1 102.00 56.8 479.00 63.5 2240.00 
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Quick Reference 


Types of Thermocouples 


The thermocouple combinations most commonly used NBS for a relatively new noble metal thermocouple which is 
bear the instrument Society of America (ISA) designations now coming into increasing use: 
of Types S, R, J, T, K and E. The following types are base Type B_ Platinum, 30% Rhodium-Platinum 
metal: 6% Rhodium 
Type J lron-Constantan Letter designations have not been established for such 
K Chromel-Alumel* thermocouples as Iridium-lridium, Rhodium; Tungsten- 
T Copper-Constantan Tungsten, Rhenium; and other exotic materials. Assem- 
E Chromel*-Constantan blies using some of the more popular combinations are 
The most common noble metal thermocouple are: available on request. 
Type S_ Platinum, 10% Rhodium-Platinum The following table provides a description of the charac- 
R_ Platinum, 13% Rhodium-Platinum teristics of these thermocouples and a few precautions to 
In addition, curves have recently been established by be observed in their use. 


“Trademark of Hoskins Mfg. Co. 


Type Usable 
Description Temp. Range Restrictions 


. Maximum upper limit in oxidizing atmosphere is 
1400 F due to iron oxidizing. 
—310 F/1600 F . Protecting tubes should be used above 900 F. 
0 F/2500 F 
— 310 F/700 F 


. Protecting tubes should always be used in a con- 
taminating medium 
— 300 F/1600 F 
$ 
Platinum, 10% 0 F/2800 F 
Rhodium-Platinum 
R 
Platinum, 13% 0 F/2800 F 
Rhodium-Platinum 


1600 F/3100 F 


Upper temperature limits are a function of wire diameter. mocouples, the larger amount of material in the thermocouple 
Since temperature tends to have deleterious effects on ther- cross-section, the longer it can be expected to last. 


_ 


. Comparatively inexpensive. 
. Suitable for continuous service to 1600 F in neutral or 
reducing atmospheres. 


ma 
CP 


lron-Constantan 


. Suitable for oxidizing atmospheres. 

. In higher temperature ranges provide a more mechanically 
and thermally rugged unit than platinum and longer life 
than iron-constantan. 


noo 
_ 


. Especially vulnerable to reducing atmospheres requir- 
ing substantial protection when used. 


K 
Chromel-Alumel 


. Resists atmosphere corrosion. 
. Applicable to reducing or oxidizing below 600 F. 

. Its stability makes useful at subzero temperatures. 
. High conformity to published calibration data. 


= 


T . Copper readily oxidizes above 600 F. 


Copper-Constantan 


fon — 


. High thermoelectric power. 
. Both elements highly corrosion resistant lending them- 
selves to use in oxidizing atmospheres. 

Does not corrode at subzero temperatures. 


nyo 


E . Unsatisfactory stability in reducing atmosphere. 


Chrome!-Constantan 


oo 


Usetul in oxidizing atmospheres. 

Provides a higher useful range than Chromel-Alumel. 

. Frequently more practical than alternate non-contact 
pyrometers. 

. High conformity to published calibration data. 


_ 


. Easily contaminated in other than oxidizing 
atmospheres. 


iN 


> 


Does not exist in premium grade, only standard. 
. High temperature limit requires alumina insulators and 
protecting tubes. 

Easily contaminated in other than oxidizing 
atmospheres. 


. Better stability than Type R and S. 
Increased mechanical strength. 
Used to higher temperatures than Type R and S. 

Reference junction compensation is not required if junction 
temp. does not exceed 150 F. 


n= 


B 
Platinum, 30% 
Rhodium-Platinum, 
6% Rhodium 


=o 
bod 


cigiteguanes delta eg 101 ShK4 
ie ae ote ieay 


2? egy 


“ut? os 


nits RU 
wt G 


pettiness 


ia 
wait =e 
4 - epi Tid ta =)! Swi. oy! ; YO raped Wis E. 
eds ™ . oO . 
: my Sarre Sapigtreconver® Pacis gh | 
‘7 ‘ , 
A ie i ato. “ate tats Ai reortrt oe 7 MALS ue . 
ce any iu hh We ee Orewa OF m oi 
'eeiKen fo © CONS i eenestoert le. aA 
" . hag Avpoo te areuks 34! Fath tlaiidai thts 
is n MA? & “4 ave: ft ena) toe aed rr tip ernie aR? . 
to es] con Wie Ee RE Tes Oe" i 
std y sys wert WEY em 4S ig Decelinien Nowe athieh eae “OWS 
mb c 
_ _ ‘ _ gta ettiad a oe ees rte «5 
=o 
: i “Ue 
wre ve ae ia _ x ae ui i tet : 
- “ vy P . : r - = 
pears pire 2 naan oR el | Urs oat 
: pane . bhi de of Obe8 ce > os BA ie! ce e 
“Ve « ok: wa Yee t + iene pale j 
. pia a2 es en - { -_ 
eae : ; 63 i eee 
: — _ ‘ — 
a aeet ae 7 on San geen oh oat : 
hw 1 Galante | keine cere wae S| ibe ante 
t iedahte’ Aree nid " ih bee! +5 GER! >* 
uss . i> | © ~ ee To, | : ; 
= oe eT 4 a —s 1 o —" -——— 
Vv i wis ant ewe sat. ? J , 
' OS ee ae ; 
VAS 1 ager | 4 carte armen wet Gon 59! eoe Colney Gerling OF ‘ yas ae 
* Pe ee a Pe 
a -_— i —-). ae —- ia teal _—=* 
os ey pow (ST ave & 7 
WwW giainiq aA" 9 = 4 
eas > 6 * a3 <eer 4 ances Ceo 6 ) int 7 mrel Ve 
i inten ad & oe Wat | 
te = — nyt beet t aes. 
4 — * a eT “4 } 
‘- — . : ™ ; ‘ 
eer eee eae | par eo 
‘ 4 
wer ee ee ee ae bod 4) ee 
7” ote. panei ty r—4 ODOR aE REG ONT ETE | 
oe Amel 
= en tee Meh Fe aes OY 2 
| i ae Se as Me ee 
—— a, tt eae ~. (oon ae awe a el A : - _ ; 
Scan ay RS tel meets 5 Val ae 
ee eee ey anes hoe Fit er ame a ph i 1 IN 
7 "s a ‘ 7@<@ Powe 
minim aA ihn 1 REE YEE! A ch Mm MeN eS ON ee evap ame vit c 
oo 6 lading hatte a, OP oie a 
a o - a —~ = = eee ) : 
7 P P ay : : ) : 4 Hoe 
Sacra LoL otiebesto) iG RI, Pae oaw? pitches 2 ne 
‘ome! shel tye wt coer) oye nll aR ErO 2M Ps ARI a 
y bis > I" 
: . 
7 
oI 
+e at? ¢ - 
i 
- * 7s > ; 
, c se@t : 5, : 
Mics ore - P wane 7 N 
; @ _ 


~ Quick Reference 


Metric Symbols 


Multiples and Submultiples Prefixes 
1,000,000,000,000 = 10!2 tera 
1,000,000,000 = 10° giga 
1,000,000 = 10° mega 
1,000 = 103 kilo 
100 = 102 hecto 
10 = 10 deka 
0.1 = 107! deci 
Oh eS Wz centl 
0.001. =. 10-3 milli 
0.000001 = 10-° micro 
0.000000001 = 10-2? nano 
0.000000000001 = 107 '!2 pico 


Symbols 


PO i Fa BLO BPE Clad 


*} millionth of a meter is called a micron, and is abbreviated simply wp. 


Constants used in Electronics 


Usual Symbol 


F’ = Nelc 
N 

h 

m 

e 

e’ = e/c 
e/m 


e’/m = e/(mc) 


c 
h/(mc) 
dy = h?/(41?me?) 
a? k* 8113 
602-13 
ead f 


by = he/(4mmc) 
Nm 


M,/Nm 

E, = e* 108/c 
(mc2/E,) X 10~® 
k = RN 

Re 

H 

Ro 

Vo 


Denomination 
Faraday’s constant (physical scale) 
Avogadro’s constant (physical scale) 
Planck’s constant 


Electron rest mass 


Electronic charge 


Charge-to-mass ratio of electron 


Velocity of light in vacuumt 
Compton wavelength of electron 


First Bohr electron-orbit radius 


Stefan-Boltzmann constant 


Wien displacement-law constant 

Bohr magneton 

Atomic mass of the electron (physical scale) 
Ratio, proton mass to electron mass 

Energy associated with 1 eV 

Energy equivalent of electron mass 
Boltzmann’s constant 

Rydberg wave number for infinite mass 
Hydrogen atomic mass (physical scale) 

Gas constant per mole (physical scale) 


Standard volume of perfect gas (physical scale) 


Value and Units 


9652.19+0.11 emu (g mole) ~! 
(6.02486 + 0.00016) x 1073 (g mole) ~ ! 
(6.62517 + 0.00023) x 10~27 erg second 
(9.1083 + 0.0003) x 10-28 g 
(4.80286 + 0.00009) x 10~-!° esu 


(1.60206 + 0.00003) x 10-29 emu 
(5.27305 + 0.00007) x 10!” esu g7! 


(1.75890 + 0.00002) x 10’ emu g~! 

299 793.0+0.3 km second ~ ! 

(24.2626+ 0.0002) x 10~!! cm 

(5.29172 + 0.00002) x 10~?% cm 

(0.56687 + 0.00010) x 10-4 erg cm~? deg~* 
second~ ! 

(0.289782 + 0.000013) cm deg 

(0.92731 +0.00002) x 10~-2° erg gauss~! 

(5.48763 + 0.00006) x 10-4 

1836.12 +0.02 

(1.60206 + 0.00003) x 10~ !? erg 

(0.510976 + 0.000007) MeV 

(1.38044 + 0.00007) x 10~-'® erg deg~! 

(109 737.309 + 0.012) cm! 

1.008142 + 0.000003 

(8.31696 + 0.00034) x 107 erg mole~! deg~! 


(22 420.7 +0.6) cm? atm mole~! 
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Quick Reference 


CONVERSIONS 


To convert 


Ampere-hours 

Amperes per sq. cm 
Ampere turns 

Ampere turns per cm 

Btu (British thermal unit) 
Btu 

Btu 

Btu 

Centigrade 

Circular mils 

Circular mils 

Cubic inches 

Cubic inches 

Cubic inches 

Cubic meters 

Cubic meters 

Degrees (angle) 

Dynes 

Ergs 

Feet 

Foot-pounds 

Foot-pounds 

Foot-pounds 

Guass 

Grams 

Grams 

Grams per cm 

Grams per cubic cm 
Grams per sq. cm P 
Horsepower (550 ft.-Ib. per sec.) 
Horsepower (550 ft.-lb. per sec.) 
Horsepower (550 ft.-Ib. per sec.) 
Horsepower (Metric) (542 ft.-Ib. per sec.) 
Inches 

Inches 

Joules 

Joules 

Kilogram-calories 
Kilograms 

Kg. per sq. meter 
Kilometers 

Kilowatt-hours 
Kilowatt-hours 
Kilowatt-hours 
Kilowatt-hours 
Kilowatt-hours 

Liters 

Liters 

Liters 

Liters 

Meters 

Meters per min 

Meters per min 

Miles (nautical) 

Miles (statute) 

Miles per hr 

Miles per hr 

Miles per br 

Poundals 

Poundals 

Sq inches 

Sq inches 

Sq feet 

Sq miles 

Sq miles 

Sq millimeters 

Tons, short (avoir 2,000 Ib.) 
Tons, long (avoir 2,240 Ib.) 
Tons, long (avoir 2,240 Ib.) 
Watts 

Watts 

Watts 

Watts 

Watts 

Watts 


172 


Coulombs 
Amperes per sq. inch 
Gilberts 

Ampere turns per inch 
Foot-pounds 

Joules 
Kilogram-calories 
Horsepower-hours 
Fahrenheit 

Square centimeters 
Square mils 

Cubic centimeters 
Cubic feet 

Cubic meters 

Cubic feet 

Cubic yards 

Radians 

Pounds 

Foot-pounds 
Centimeters 
Horsepower-hours 
Kilogram-meters 
Kilowatt-hours 

Lines per sq. inch 
Dynes 

Ounces (avoirdupois) 
Pounds per inch 
Pounds per cu. inch 
Pounds per sq. foot 
Foot-lb. per minute 
Btu per minute 
Kg-calories per minute 
Horsepower (550 ft.-Ib. per sec.) 
Centimeters 

Mils 

Foot-pounds 

Ergs 

Kilojoules 

Pounds (avoirdupois) 
Pounds per sq. foot 
Feet 

Btu 

Foot-pounds 

Joules 
Kilogram-calories 
Kilogram-meters 
Cubic meters 

Cubic inches 

Gallons (liq. US) 
Pints (liq. US) 

Yards 

Feet per min 
Kilometers per hr 
Kilometers 

Kilometers 

Kilometers per min 
Feet per min 
Kilometers per hr 
Dynes 

Pounds (avoirdupois) 
Circular mils 

Sq centimeters 

Sq meters 

Sq yards 

Sq kilometers 
Circular mils 

Tonnes (1,000 Kg.) 
Tonnes (1,000 Kg.) 
Tonnes short (avoir 2,000 Ib.) 
Btu per min 

Ergs per sec 

Ft-lb per minute 
Horsepower (550 ft-lb per sec.) 
Horsepower (metric) (542.5 ft-lb per sec.) 
Kg-calories per min 


3,600 

6.452 

1,257 

2.54 

778.3 

1,054.8 

.252 

3929" x 10-4 


(C° x 9/5) + 32 


5.067 x 10-6 
.7854 

16.39 

Ch hey 86 ik 
1.639 x 10-5 
35.31 

1.308 

1.745 x 10 
2.248 x 10 
7.367 x 10 
30.48 

5.05 x 10-7 
1383 

37200 10ma 
6.452 

980.7 

S527 oc 1LOS2 
5.6 x 10-3 
3.613 x 10-2 
2.0481 

a ae 10 
42.41 

10.69 

.9863 

2.54 

1,000 

.71376 

107 

4.186 

2.205 

.2048 

3,281 

3,413 

2.655 x 106 
3.6 x 106 
860 

3.671 x 105 
001 

61.02 

.2642 

2.113 

1.094 

3.281 

.06 

1.853 

1.609 

DOS2 xO 
88 

1,609 

1.383 x 104 
3.108 x 10-2 
1.273 x 106 
6.452 

9.29 x 10-2 
3.098 x 106 
2.59 

1,973 

.9072 

1.016 

1.120 

5.689 x 10-2 
107 

44.26 

1.341 «x 10-3 
1.36 x 10-3 
1.433 x 10-2 


zs aN 


t 


Multiply by 


Conversely 
multiply by 
PRIM RDS We 

Ae; 
7958 
SEH 
1.285 x 10-3 
9.48 x 10-4 
3.969 
2,545 


(F° — 32) x 5/9 


1.973. x 105 
1.273 

6.102 x 10-2 
1,728 

6.102 x 104 
25832.) 10 
.1646 

Sie 

4.448 x 105 
1:356 <x 107 
3728 nO 
1.98 x 10° 
W233 

2.655 x 10° 
15S 
1:02.10 23 
28.35 

178.6 

27.68 

4883 

3103 56 102 
pee Oe (Ke 
9.355 x 10 
1.014 

3937 

001 

1.356 

10-7 

2389 

4536 

4.882 

S104 Saxe Ore 
2293 CaO a 
32766, <. 10-7 
DT TB Xe LOS 7 
1163 >< 1037 
2.1240 10. ~® 
1,000 
1.639 x 10 
3.785 
.4732 
9144 
3048 
16.67 
5396 
6214 
37.28 
Li136< 10m! 
.6214 

i233 oO a 
32.17 

S54 xe 1a! 
SS 

10.76 

3,228 «x 10-! 
3861 

S067. <1O- 
1.102 

9842 

8929 

17.58 

10-7 

2 26 10 a= 
745.7 

(EG 

69.77 
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APPENDIX B — POSITIVE POWERS OF TWO 


APPENDIX C — NEGATIVE POWERS OF TWO 


a] 


0.01562 
0.00781 
0.00390 


0.00195 
0.00097 
0.00048 


0.00024 
0.00012 
0.00006 


0.00003 
0.00001 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


OND OfW N— Oo 


APPENDIX D— THE HEXADECIMAL NUMBER SYSTEM 


We have been taught from childhood to recognize and 
manipulate a number system called decimal or base-10, 
which uses ten symbols to represent values or numbers. 
These symbols are O, 1, 2, 3, 4, 5, 6, 7, 8, and 9. 
Combinations of these form other numbers, and each 
number or digit position is assigned a value equal to .its 
position in the number sequence. For example, the 
number 12,045: 


POSITION NO. 49 352e1..0 


1 250%455 


5 x 10° 
4x10! 
0 x 102 
2x 10% 
1x 104 


12,045109 


10 is the base-value of the number system, and 0, 1, 2, 3, 
4 are the positions of weighted values. 


Most computers use a base-2 numbering system in which 
zeros and ones are the only symbols used to represent 
any number. The least-significant bit would have a value 
of 20 the next bit would be Dan then 22, etc. Let's 
use a group of five bits and assign bit O as the least 
significant bit. 


BIT NO. 
1x29 
0x2! 
1x22 
0x23 
1x24 


2110 


21 is the sum of the values of the bit positions. 


It can also be seen that by using larger groups of bits, 
larger numbers may be represented. An eight-bit com- 
puter, which can handle eight bit positions in parallel, 
can represent numbers from O to 255749. 


All Bits Equal 0 


0x29 
Ox2 
0x 22 
0x23 
0x24 
O xe? 
0 x 26 
0x2! 


NOOR WN—O 
Oso OO © O:o2:0 
Jocooccoe 


i=) 
—_ 
oO 


All Bits Equal 1 


1x 20 
1x2! 
1x2 
1x23 
1x24 
1x2 
x2 
1x2 


NOOR WN OO 
Sy ES See a 


A computer that has 16 bit positions may represent 
numbers with values from zero to 65,535. 


Another consideration in computers is the representation 
of both positive and negative values. In the ‘’sign magni: 
tude’’ system, this may be accomplished by assigning 
one of the bits in a group as a plus/minus indicator. 
The normal method is to assign the most-significant bit 
position to this task. If it is a logic zero, then the value 
is positive; if it is a logic one, then the value is minus. 
Assuming a group of eight bits maximum, and using the 
eighth position as the sign, we may represent the follow- 
ing numbers: 


BIT NO. 


0 
1 
2 
3 
4 
5 
6 
7 


sign bit 


If bit 7 is equal to a 1, then the above number would be 
negative: —127. Note that by using the most-significant 
bit for the sign, the maximum number that may be 
represented is only +127. In a 16-bit computer this 
number would be +32,767. 


Because it is difficult for us to convert visually many 
Ones and Zeros to their represented value, other methods 
of representing numbers have been implemented. 


BCD OR BINARY CODED DECIMAL: 


BCD uses groups of four binary bits or positions, and 
only uses those combinations that add up to 0, 1, 2, 3, 
4,5, 6, 7, 8, or 9. For example: 


--oOo0cooo°cdec°o 
oo-r-o0--c0coo;= 
-o-0o-0-0-0/0 
i ON Sa he eae 
OOAOnNDAAARWN— OO 


oll 


The other binary combinations possible in the four bit 
positions are not allowed in the BCD method: 


Not Valid 


In an 8-bit computer, the decimal numbers 00 through 
99 may be represented: 


BIT POSITION Th Kaletey of 


BIT POSITION 


Note that the binary weighting system repeats for each 
four-bit group. 


This is then compensated for by applying the decimal 
(base-10) rules to the converted numbers: 


9x102 = 9g 
9x10' = 90 
99 


(By having to weigh only up to four binary bits, you 
quickly become efficient at converting binary numbers 
to decimal form and decimal numbers to binary form.) 


The maximum numbers that can be represented in an 
8-bit machine is then only 9949 in decimal versus 25519 
in binary. 


As you can see, the efficiency of a computer is restricted 
because of the illegal combination in each four-bit group. 
Another representation of binary numbers allows for a// 
combinations of the four-bit groups. This system is 
called hexadecimal representation. 


HEXADECIMAL (HEX) NOTATION 
Hex uses a numbering system of base 16, and allows for 
all combinations of the four-bit binary groups, as follows: 


HEX 


BIT POSITION: 3 SYMBOL 


Nh 
= 


0 BINARY 


0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 


eee] =] .=2-.5-aq0d0cececod0rco 
OANA OAARWN—O 


==3==3= 3. 0000-==3==-0000 
T™MONDWPOANRAMGAWN-O 


\ 


The notations A through F are used to allow for a 
single-character representation of the four-bit group 
without duplication. 


With hex we can now represent all 16 combinations of 
binary weights possible in a group of four bit positions. 
An eight bit computer can then represent the numbers 
00 through FF, which is equivalent to binary 0 through 
255: 


BIT POSITION 7654 


BIT POSITION 


Applying the same rules as for decimal, but using the 
base 16 instead of base 10: 


15x169 = 15 
15x16! = 240 
255 


Thus, binary numbers, no matter what the number of 
position, can easily be converted simply by dividing 
them up into groups of four bits. For example, in a 
16-bit computer: 


Hex 
Binary 


Hex 


Further, the use of hex symbols as an equivalent for 
four binary bits requires fewer printed symbols, and 
most computer documentation today uses the hexa- 
decimal code representation. 


POSITIVE AND NEGATIVE NUMBERS: 


In hex or in binary, the method of representing positive 
and negative numbers is the same. The most-significant 
bit of the most-significant group is set to a zero for a 
positive number or a one for a negative number. 


If there are four groups of 4-bits each, as in a 16-bit 
computer, we could have: 
Hex 
Binary 
sign bit 


This number is equivalent to +32,767. 


By making the most-significant-bit a logic 1, then the 
number becomes: 


F 


1111 


ie sign bit 


This number is equivalent to —32,767. 


The method used to represent a negative hexadecimal 
number depends on the type of numbering system chosen 
for binary arithmetic processing. Most digital computers 
use either the ‘‘sign magnitude’ system or the twos- 
complement system. In the sign magnitude system, a 
negative value is formed by setting a sign bit—the most- 


significant bit of the most-significant group of bits—to 
one, and the remaining bits to the desired absolute value. 
Thus, —32,767 is represented as 1111 1111 1111 1111. 


Conversely, if the most-significant-bit is a zero the 
number is positive; +32,767 is represented as 0111 1111 
+ ye 


In the twos-complement system—the system used in 
PACE—positive numbers are represented exactly as in 
the sign magnitude system (sign bit is a logic zero); 
but negative numbers are represented by the twos- 
complement of the absolute value of the number. 
Thus, —32,767 becomes, in the twos-complement system, 
1000 0000 0000 0001. Appendix E shows how this 
conversion is accomplished. 


APPENDIX E — NEGATIVE HEXADECIMAL NUMBERS 


The PACE microprocessor maintains negative numbers 
in twos-complement form. To convert a number in 
hexadecimal notation to its twos-complement equivalent, 
subtract the number from hexadecimal 2", where ‘‘n’’ 
is the number of binary bits in the computer word. For 
a 16-bit word, “’n” is 16, and 2" is 1 0000 0000 0000 


0000 (binary) or 1 0000 (hex). 


Thus, the negative of 1245746 is: 


10000 
sate 2245 
EDBB 


A hexadecimal number will be negative in the PACE 
CPU if the left-most digit is 8, 9, A, B, C, D, E, or F 
(because all of these groupings start with a one). Thus, 
the twos-complement of hex FACE is: 

10000 


=FACE 
+0532 


Perhaps an easier way to find the twos-complement of a 
hexadecimal number is first to take the ones-complement 
of the number; the ones-complement plus one is the 
twos-complement. The ones-complement of a number is 
its inverted form; simply exchange its ones for zeros, 
and its zeros for ones. Thus, 


hexadecimal binary equivalent ones-complement 
FACE ~ 1111 1010 1100 1110 +0000 0101 0011 0001 


ones-complement +1 
0000 0101 0011 0001 
+4 


0000 0101 0011 0010 


ee Nee ee ee” 


Hex twos-complement of FACE — 0 5 3 2 


APPENDIX F — HEXADECIMAL AND DECIMAL INTEGER CONVERSION TABLE 


HEX DECIMAL |HEX DECIMAL |HEX DECIMAL |HEX DECIMAL |HEX DECIMAL | HEX DECIMAL|HEX DECIMAL | HEX DECIMAL 


0 0 


0 


0 

268 435 456 
536 870 912 
805 306 368 
1073 741 824 
1 342 177 280 
1 610 612 736 
1 879 048 192 
2 147 483 648 
2 415919 104 
2 684 354 560 
2 952 790 016 
3 221 225 472 
3 489 660 928 
3 758 096 384 
4 026 531 840 


0 


™MOQNOMWPHOANODO ATA WRN = 


0 

16 777 216 
33 554 432 
50 331 648 
67 108 864 
83 886 080 
100 663 296 
117 440 512 
134 217 728 
150 994 944 
167 772 160 
184 549 376 
201 326 592 
218 103 808 
234 881 024 
251 658 240 
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1 048 576 

2 097 152 

3 145 728 

4 194 304 

5 242 880 

6 291 456 

7 340 032 

8 388 608 

9 437 184 

10 485 760 
11 534 336 
12 582 912 
13 631 488 
14 680 064 
15 728 640 


0 0 
65 536 
131 072 
196 608 
262 144 
327 680 
393 216 
458 752 
524 288 
589 824 
655 360 
720 896 
786 432 
851 968 
917 504 
983 040 
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TO CONVERT HEXADECIMAL TO DECIMAL 


. Locate the column of decimal numbers corresponding 


to the left-most digit or letter of the hexadecimal; 
select from this column and record the number that 
corresponds to the position of the hexadecimal digit 
or letter. 


. Repeat step 1 for the next (second from the left) 


position. 


. Repeat step 1 for the units (third from the left) 


position. 


. Add the numbers selected from the table to form 


the decimal number. 


TO CONVERT DECIMAL TO HEXADECIMAL 


. (a) Select from the table the highest decimal number 


that is equal to or less than the number to be 
converted. 

(b) Record the hexadecimal of the column con- 
taining the selected number. 

(c) Subtract the selected decimal from the number 
to be converted. 


. Using the remainder from step 1(c) repeat all of step 


1 to develop the second position of the hexadecimal 
(and a remainder). 


. Using the remainder from step 2 repeat all of step 1 


to develop the units position of the hexadecimal. 


. Combine terms to form the hexadecimal number. 


To convert integer numbers greater than the capacity of table, use the techniques below: 


HEXADECIMAL TO DECIMAL DECIMAL TO HEXADECIMAL 


Successive cumulative multiplication from left to right, 
adding units position. 


Divide and collect the remainder in reverse order. 


Example: 338019 = D3416 


16 | 3380 oe remainder 
4 


Example: D3416 = 338019 


EXAMPLE 
as i. 16 alee Conversion of Decimal 
XW EXAMPLE ew 3 Value 3380 
i Cc ion of Hexadecimal Pes D —3328 
ais onversion of Hexadecima 
ar: Value D34 
211 
ey 3328 
3376 
4= +4 4 
3380 Decimal Hexadecimal 


APPENDIX G — HEXADECIMAL AND DECIMAL FRACTION CONVERSION TABLE 


DECIMAL DECIMAL sla DECIMAL DECIMAL EQUIVALENT 
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wd 
3 
4 
A) 
6 
uh 

8 
o 

A 
.B 
.C 
48) 
42 
:F 


TO CONVERT .ABC HEXADECIMAL TO DECIMAL 


Find .A_ in position 1 .6250 

Find .OB inposition2  .0429 6875 

Find .OOC in position 3 .0029 2968 7500 
-ABC Hex is equal to .6708 9843 7500 


APPENDIX H — INTEGER CONVERSION TABLE 


POWERS OF 16 


Example: 268,435,45619 = (2.68435456 x 108) 19 = 1000 000016 = (10/)146 


n 
0 
1 
2 
3 
4 
5 
6 
"4 
8 
9 


Decimal Values 
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Appendix F 


CONVERSION TABLES 


Table F-1. Positive Powers of Two 


s 


AND OW NO 


0.03125 


0.01562 
0.00781 
0.00390 


0.00195 
0.00097 
0.00048 


0.00024 
0.00012 
0.00006 


0.00003 
0.00001 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 


Table F-2. 
5 
25 
125 
5625 
78125 
89062 5 
94531 25 
97265 625 
48632 8125 
74316 40625 
37158 20312 
18579 10156 
09289 55078 
04644 77539 
02322 38769 
01161 19384 
50580 59692 
25290 29846 
62645 14923 
31322 57461 
65661 28730 
32830 64365 
16415 32182 
58207 66091 
29103 83045 
14551 91522 
07275 95761 
03637 97880 
01818 98940 
00909 49470 
00454 8 74735 
00227 37367 
00113 68683 
00056 84341 
00028 43170 
00014 21085 
00007 10542 
00003 55271 
00001 77635 
00000 88817 


Negative Powers of Two 


« 
\ _ 
5 
25 
125 
0625 
53125 
765625 
38281 25 € 
19140 625 
09570 3125 
54785 15625 
77392 57812. 5 
38696 28906 25 
69348 14453 125 
34674 07226 5625 
67337 03613 28125 
83668 51806 64062 5 
41834 25903 32031 +25 
70917 12951 66015 625 
35458 56475 83007-8125 
17729 28237 91503 90625 
08864 64118 95751 95312 ‘5 
54432 32059 47875 97656 25 
77216 16029 73937 98828 125 
88608 08014 86968 99414 0625 
94304 04007 43484 49707 03125 
47152 02003 71742 24853 51562 5 
73576 01001 85871 12426 75781 25 
36788 00500 92935 56213 37890 625 
68394 00250 46467 78106 68945 3125 
84197 00125 23233 89053 34472 65625 
ft 


Table F-3. Integer Conversion Table 


POWERS OF 16 


Example: 268,435,456 19 = (2.68435456 x 108) 19 = 1000 000016 = (10/)16 


n 
0 
1 
Z 
3 
4 
5 
6 
7 
8 
9 
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Decimal Values 


The SC/MP microprocessor maintains negative numbers in twos-complement form. To convert a number in 
hexadecimal notation to its twos-complement equivalent, subtract the number from hexadecimal 2", where "n" 
is the number of binary bits in the computer word. For an 8-bit byte, 'n'' is 8, and 2" is 1 0000 0000 (binary) 
or 100 (hex). 


Thus, the negative of 1C is: 


100 
1C 
E4 


A hexadecimal number will be negative in the SC/MP microprocessor if the left-most digit is 8, 9, A, B, C, 
D, E, or F (because all of these groupings start with a one). Thus, the twos-complement of C7 is 


100 
C7 
39 


Perhaps an easier way to find the twos-complement of a hexadecimal number is first to take the ones-complement 
of the number; the ones-complement’plus one is the twos-complement. The ones-complement of a number is its 
inverted form; simply exchange its ones for zeros, and its zeros for ones. Thus, 


hexadecimal binary equivalent ones-complement 


C7 1100 0111 0011 1000 


ones-complement + 1 


0011 1000 
+1 


0011 1001 
Neh Oe Sm, 


Hex twos-complement of C7 => 3 9 


Table F-4. Hexadecimal and Decimal Fraction Conversion 


DECIMAL DECIMAL ao DECIMAL DECIMAL EQUIVALENT 


oO 


ail 
2 
xe) 
4 
H3) 
6 
i, 
8 
& 
A 
.B 
.C 
-D 
LE 
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TO CONVERT .ABC HEXADECIMAL TO DECIMAL 


Find .A in position 1 .6250 

Find .OB_ in position 2 .0429 6875 

Find .00C in position3  .0029 2968 7500 
-ABC Hex is equal to .6708 9843 7500 


Table F-5. Hexadecimal and Decimal Integer Conversion 


Merciabhemoeioe re 
0 0 0 0 0 0 0 0 0 0 
16 777 216 16 
33 554 432 32 
50 331 648 48 
67 108 864 64 
83 886 080 
100 663 296 
117 440 512 
134 217 728 
150 994 944 
167 772 160 
184 549 376 
201 326 592 
218 103 808 
234 881 024 
251 658 240 


oO 
fo) 


268 435 456 
536 870 912 
805 306 368 
1073 741 824 
1 342 177 280 
1610 612 736 
1 879 048 192 


1 048 576 65 536 
2 097 152 131072 
3 145 728 196 608 
4 194 304 262 144 
5 242 880 327 680 
6 291 456 393 216 
7 340 032 458 752 
8 388 608 524 288 
9 437 184 589 824 
10 485 760 655 360 
11 534 336 720 896 
12 582 912 786 432 
13 631 488 851 968 
14 680 064 917 504 
15 728 640 983 040 


2 147 483 648 
2415919 104 
2 684 354 560 
2 952 790 016 
3.221 225 472 
3 489 660 928 
3 758 096 384 
4 026 531 840 
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TO CONVERT HEXADECIMAL TO DECIMAL TO CONVERT DECIMAL TO HEXADECIMAL 
1. Locate the column of decimal numbers corresponding 1. (a) Select from the table the highest decimal number 
to the left-most digit or letter of the hexadecimal; that is equal to or less than the number to be 
select from this column and record the number that converted. 
corresponds to the position of the hexadecimal digit (b) Record the hexadecimal of the column con- 
or letter. taining the selected number. 
(c) Subtract the selected decimal from the number 
2. Repeat step 1 for the next (second from the left) to be converted. 
Position. 2. Using the remainder from step 1(c) repeat all of step 


1 to develop the second position of the hexadecimal 


3. Repeat step 1 for the units (third from the left) farina re naineten) 


position. 
3. Using the remainder from step 2 repeat all of step 1 
4. Add the numbers selected from the table to form to develop the units position of the hexadecimal. 
the decimal number. 4. Combine terms to form the hexadecimal number. 
To convert integer numbers greater than the capacity of table, use the techniques below: 
HEXADECIMAL TO DECIMAL DECIMAL TO HEXADECIMAL 
Successive cumulative multiplication from left to right, Divide and collect the remainder in reverse order. 


adding units position. 
Example: 338019 = D3416 


Example: D3416 = 338010 16 | 3380 remainder 
ia 4 EXAMPLE 
oe a 16 [2it a Conversion of Decimal 
cee EXAMPLE 16 13 3 Value 3380 
oo CG ion of Hexadecimal a D 3328 
at aes onversion of Hexadecima 
as Value D34 
200 
x16 3328 
3376 
4 = +4 4 
3380 Decimal Hexadecimal 
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COURS GRADE- A 


FINAL EXAM-INTRO TO DATA COMM-UC IRVINE-5 December 1987/Name PTE S 
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l1-What are the 2 primary processes which can be used to increase the 
data carrying capacity of a communications line? 
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2-What are the three primary forms of analog modulation and the one 
primary form of digital modulation? 


Analog- A-_ Avy pétzyvpAr- Lee, FAVE EQUEVCY C- LEB SRE 
Digital- A-~Pvyéeése AiwtrelJvoLno 


3-What/fis the single most important factor for using a multiplexer? 
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4G-What are the three ways to handle errors when received on a communi- 
cations line? 
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5-On a PBX what does the term "blocking" mean? 


6-List 4 factors to consider when comparing a PBX with Centrex. 
CE ee et ta 
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7-What, is the operational difference between a standard Time Division 
Multiplexer and a Statistical Time Division Multiplexer? 


62 parameters does the signal constellation of a modem represent? 
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9-What kind of function does the 56 bit DES perform? 
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10-What do the following specifications describe? 
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12-What is CSMA/CD and what kind of LAN is it used on? 
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13-From a data communications viewpoint, what is the most serious 
awback of satellite transmission? 


oa Sigel *: 


14-What are 4 factors that are different between a Narrowband LAN and a 
deband LAN? 
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sts lated Sh 6B sci l e D- CARRYING CAPACI ry 
15-Wiat is DB a measurement of? 


16-What does C type line conditioning do? 


17-In ISDN what does the device called a Terminal Adapter do? 
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18-What is the@brimar} reason for utilizing Bipolar signalling in 
digital tra issio / 
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19-What is the primary function of the 193rd bit in T-1l framing format? 
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20-In ISDN - What does the B channel carry? 
fe What does the D channel carry? i ae 
21-What are the 3 primary areas to consider for network backup? 
A- P0Yz ER ALM ~oC B- SPARK errs s 
AK Cou S Peavece Zopeuvpe hh IDEA 
22-In ISDN what is the numeric or alphanumeric definition of- 


Basic Rate Access ya a ae, 


Primary Rate Access PA on aw \ er al 


23-What 4 entities can be described as half duplex or full duplex? 
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24-What is the single biggest problem that prevents telephone companies 
from providing Packet Switching services and/or ISDN between 
different states? 
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25-What 4 major functions do you want your Network Management System to 
perform for you? 
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FINAL EXAM-INTRO TO DATA COMM-UC IRVINE-5 December 1987/Name 


1-What are the 2 primary processes which can be used to increase the 
data carrying capacity of a communications line? 


a- FASTER TRAWS MISSION SPEED 
B- DATA COMPRESSION 


2-What are the three primary forms of analog modulation and the one 
primary form of digital modulation? 


Anedtocoea= teed lesk. »- AM c- PN [Psk 
Digital- a~_PCM /PANG@&) 
3-What is the single most important factor for using a multiplexer? 


SAVING LINE Costs 


4-What are the three ways to handle errors when received on a communi- 
cations line? 


s- FLAG THEM AT RECEIVE EWD 

p- REQuesT A RETRAWSMISS/ON 

c~ FORWARD EROR CORRECTION _ 
5-On a PBX what does the term "blocking" mean? 


WHEW You Pick UP THE TELEPHOWE 
woowT GE 
HAMDSET THERE | Fwite PRoBAgIUTY Neda tic 


6-List 4 factors to consider when comparing a PBX with Centrex. 


SPACE COST MAINTENANCE 


PoweRr FEATURES Flex Buty 
EASE OF ADDIAG beri 
7-What is the operational difference between a standard Time Division dey 
Multiplexer and a Statistical Time Division Multiplexer? 


STaw dato TDAH HA Dedicated SlLor Fo@ EACH Lo Spd line 
STAT MU we 1 SPD CAPACITY AS Regu RED 


8-What 2 parameters does the signal constellation of a modem represent? 


a- AmPuTupe c& CARRIER 3- PHASE OF CARRIER 


9-What kind of function does the 56 bit DES perform? 
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10-What do the following specifications describe? 


x.3- Low Seeepd AsypcrRoxoevs PAD For PACKET NETWORKS 


%.28-TERM IW RAHE Rot. Lo Sep (tty) tyre TERMIMAL 
X.29- CopTRols ReTweea) Host Ah D x.3 PAD 


x.25- Hi Spee SYweyRemovs Torersace (PAD) fot Packer Merwe 


11l-Regarding the billing criteria for packet switching. It is based on 


VocUHE instead of Ta ME and DISTANCE 
12-What is. CSMA/CD. and what kind of LAN is iteused on? 
csMA/cD CARER SESE MuctiPcE ACCESS [COLLISION Derécriow 
OR AWMETHOD fro CCESS/ASG MEDIUM Ov TTYPE OF CAA 
Kind of LAN used on _ G@THERNET ~ STARLAW | 


13-From a data communications viewpoint, what is the most serious 
drawback of satellite transmission? 


PA GATIO DELA 


14-What are 4 factors that are different between a Narrowband LAN and a 
Wideband LAN? 


a- SPEED boul 
c-_ CAPACITY p- TYPES OF APPS. SuPPoeTed 
15-What TV FES, eine oeceen COVA TITY oF USERS AT | T/HE 


PowWEeR 
16-What does C type line conditioning do? 
A- LA PRovE ATPEN VATION DISTORTION 
B- TMPRovEe Bavetore DELAY 
17-In ISDN what does the device called a Terminal Adapter do? 
MAKES A. Not CSDAS ComPATIBLE BEVICE | 
COMPATIRBEE vst ISpnN. OR RS232 To TSBN (28+) 


18-What is the primary reason for utilizing Bipolar signalling in 
digital transmission? 
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SUPPORT SIGNALS WITH | JKECTION ef WAL POLARIT 


19-What is the primary function of the 193rd bit in T-1 framing format? 
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20-In ISDN - What does the B channel carry?_]}N FORMATION 


What does the D channel carry? COWTROL SIGNALS CoomMe TIMES 


Date ALSso) 
21-What are the 3 primary areas to consider for network backup? 
A- COMMUNICATIONS s- DISASTER 
C- Power 


22-In ISDN what is the numeric or alphanumeric definition of- 


Basic Rate Access 2 &-F D ( 1448 PS) 


Primary Rate Access 2236+ |. 544 B PS) 


23-What 4 entities can be described as half duplex or full duplex? 
Rome Cn CCl B- HI OoDEA 
c- PRemeoc _ dD-_ Beppe Pt lé&x 
24-What is the single Gitele else problem that prevents telephone companies 


from providing Packet Switching services and/or ISDN between 
different states? 


DICFERENT JMTEREACES BeTweENn Locar & Long DisrArce 
a ae ea a ee 


25-What 4 major functions do you want your Network Management System to 
perform for you? 


a- Honrror PHPSICAL STATUS (HARDWARE FACILITIES Ex0) 
s- Moa itor PERFORMANCE CU TILI RATION, TRAFEIC, EC) 
c- N/uwo Ccowrre. Chiws $x Progcens 
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INTRODUCTION TO DATA COMMUNICATIONS 
MIDTERM-UCI Extension-Monday Night-26 October 1987 


1-Draw a diagram of the major elements Of a Host computer and how the 
various networks connect to it. 


2-Identify 5 types of communications carriers and their types of services 
3-Identify 5 types of communications media and where they might be used. 
H-What are the four definitions of half duplex and full duplex. 


5-What is the primary difference between synchronous and asynchronous 
communications methods. 


6-Name three forms of data that can be transmitted synchronously but not 
asynchronously. 


7-From a communications point of view, what is the difference between 
ASCII and EBCDIC codes. 


8-Show three configurations of hardware that allow a PC to talk to a 
mainframe synchronously. 


9-Name the 7 layers of the ISO protocol and what their function is. 
10-What is the difference between BPS and Baud. 

11-Define a poll and call. 

12-What are the 3 elements that make up a tariff. 

PJ—-Whet Orpanizations rule on tariffs and in what jurisdiction. 
14-What 2 methods are allowed to connect devices to a telephone line. 
15-What is a LATA and what does it provide. 

16-What is the T-l transmission rate and how is it derived. 
17-Describe the sequence of operations that a Ben ete Caen ee om 


uses to move data to and from a- communications front end. 


18-What does a flow control protocol do. Give three examples. 


19-Describe the operation of 3 types of ARQ protocols. 

20-What are 4 other names for a leased line. 

21-What is the difference in usage between RS232 and a local area network 
22-What does RTS/CTS delay mean. 

23-What is the difference between a foreign exchange line and a tie line. 


24-What must you be careful of when you tie 2 terminal devices together 
For.the firat times 


25-What 2 attributes of the class do you like most so far and what 2 do 
you like least (full credit regardless of how you answer). 
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COURSE CONTENTS 


OVERVIEW OF A COMMUNICATIONS SYSTEM 

Brief evolution of components in a network 

How all the pieces fit together 

How to cope with the confusion of terminology and definitions 


CARRIERS AND THEIR SERVICES 

Service providers—local/long distance/resale/VAN/radio/etc 
Service types—dial/leased/F X/tie line/WAT S/cellular/etc 
Interconnection and certification 


COMMUNICATIONS MEDIA 

Twisted pair/coax/fiber/laser/infrared/microwave/others 
Carrier Systems—analog and digital 

The telephone channel—voice grade/wideband/3002/data lines 
Media choices—in house/carrier world 


CIRCUIT TYPES AND AVAILABILITY 

Practical definitions—point to point/multipoint/multidrop/multistation 
Dial vs dedicated/leased/private/data/cluster controllers 

Half and full duplex circuits—descriptions 


CODES FOR.DATA TRANSMISSION 
Baudot/PTTC/ASCII/EBCDIC 

Code set incompatibilities 
Controls/transmission/formats/interfaces 


INTERFACES 

Loop Current—from TTY to PC 
RS232/422/423/449—when and where to use 
What is DTE/DCE and RTS/CTS? 

What are the X and V specs? 

Who are the EIA/CCITT/ISO/ECMA/IEEE 


SYNCHRONOUS AND ASYNCHRONOUS 

Terminology—bit sync/byte sync/frame sync/modem sync/start-stop/etc. 
What does sync and async mean to the user 

Utilization and application tradeoffs 

Speed limitations for multidrop circuits 


PROTOCOLS 

A functional description for easy understanding 

Types of protocols — async/sync bisync/SDLC/ARQ/HDX/FDX/etc. 

Specific uses — Xon:Xoff for terminals/X modem/X.PC/MNP/BLAST/Hayes 
for PCs/MAP and TOP for Automation and offices 

Protocol Converters — card/local/remote/VAN 

PC to mainframe connections — how/where 

Standards — 7 level ISO model 


, DATA TRANSMISSION INTEGRITY 


Validation—echoplex/parity/VRC/LRC/BCC/CRC/checksum 
Forward error correction—block/convolutional—when to use 

Data compression—instead of faster transmission—String/Huffman 
Encryption—public key/commercial/dial up 

Availability and integration of all functions—where/how/when 


MODEMS AND MODULATION 

What does a modem really do?—Low and high speed 

Speed vs distance—line driver/short haul/standard/wideband 

Simple explanation of amplitude/frequency/phase modulation 

What is the difference between bps and baud—should you care? 
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Standards—V specs—the differences and tradeoffs 

HDX vs FDX/2 wire vs 4 wire/dial vs leased/212A vs V.22/fallback speeds 
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How do fiber optics tie in to digital services? 

Projected services and economics 
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FDM/TDM/statistical/intelligent/T 1-saving network line costs 

Typical network configurations—controls/thruput/piggyback/optimization 
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COMMUNICATIONS FRONT ENDS 
Concentrators/message switches/transaction processors/line controllers 
IBM 3705/3725 and their clones—a comparison 


PBX-CBX — FOR VOICE AND DATA 

The four generations of in-house switchboards 

Voice/data integration and data over voice? 

Tradeoffs between voice and data switching/matrix switches 
Integration of Local Area Networks — PBX as a LAN controller 
In house telephone wiring for data 

Electronic vs Voice Mail 


PACKET SWITCHING 

A simple description of network operation 
Vendors/Telenet/Tymnet/others 

Interfaces described simply —X.3/X.25/X.28/X.29/X.75/etc. 
Asynchronous and synchronous connections 

Compatible end user protocols/speeds/locations 

Why X.25 is not the same for everybody 

Ways to make your site X.25 compatible 


LOCAL AREA NETWORKS — LANS 
Configurations—buss/ring/star/mesh/tree 
Characteristics—narrowband/wideband/speed/distance/analog/digital 
Operation—CSMA:CD/token ring/token buss/logical ring 

Typical vendor offerings—Ethernet/IBM/Sytek/others 

Bridges and gateways explained—coax and fiber use 

IEEE 802 spec 


SATELLITE AND CELLULAR RADIO SERVICES 
Operational considerations due to common frequency allocations 
Reliability and delay considerations—compensation units 


NETWORK MANAGEMENT AND CONTROL 

The tech control center 

Analog vs digital channels 

Network access—testpoints/loopbacks/etc 

Analog and digital parameters to be measured 

What is a DB and why is it used 

Conditioning and equalization—C and D type 

Error rates and their measurement—BERT/CERT/BLERT /datascope/etc 
IEEE 488 standard for test equipment 

Backup/alternate procedures for outages 


NETWORK CONCERNS 

Unauthorized access/callback/encryption 
Transaction processing controls and formats 
Network architectures—SNA/DNA/DSN/etc. 
Standards growth—EIA/ISO/CCITT/IBM/etc 


NETWORK DESIGN FOR THE END USER 

Centralized vs decentralized operation 

11 key non technical questions to define your network capabilities 

14 points affecting response time—the network isn’t always to blame 
When to use consultants—a practical view 

Support requirements—documentation/standards/procedures/personnel 


ATTENDEE FORUM 

Future directions of Data Communications—new products and services 
How long do you wait before making a decision? 

Participant questions and answers 
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The subject of ISDN is one of the hottest technical subjects in the country today. There 
is a substantial amount of literature being published almost every week, and there are 
announced tests in various parts of the world. Before describing the attributes of the 
ISDN specifics, one must take a look at the concept and then get an idea of how the 
service will provide some form of advantage over existing transmission network 
capabilities. 
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If you look at Figure A-1, you will see the concept of ISDN as a “Digital Pipe”. There will 
be a standalone interface (which will be described later) on the user's site. Inputs to 
that interface will consist of potentially digitized voice (telephone), data, PBX outputs, 
alarms, local area networks (LAN’s), and, in the future, imaging which will probably 
include various forms of video. 


All of these functions will go through the user's site interface, then through the “Digital 
Pipe”, which will probably be T-1 compatible (which will be described later) that will 
terminate in the local telephone company central office. That office has to be capable of 
accepting the type of signal which will be transmitted from the user sites. Since many 
local telephone companies will be upgrading their switching equipments, the availability 
of ISDN to more locations will be growing all the time, but you should still be aware that 


many areas, especially suburban and remote, may not have the appropriate switch for 
ISDN for quite a few years to come. 


Once the signals leave the local telephone carrier switches and are required to cross a 
Local Access and Transport Area (LATA) boundary, they must be handled by a long- 
distance carrier. Many of the long-distance carriers intend to provide ISDN services, but 
not all of them will provide the same level of service, and therefore information may be 
moved via many different methods. Some of these include circuit switched networks, 
packet switched networks, database type services, alternate networks, and alternate 
services. It is also possible that within a particular LATA the local telephone company 
can provide the same kind of services through their own unique ISDN facilities (more 
about this later). 


The potential ISDN services for the various types of communication are listed below: 


DATA IMAGE VOICE 

Packet Switching Imaging Dedicated Lines 
Circuit Switching Cable Television Digitized Voice 
Dedicated Lines Graphics Voice Response Services 
Electronic Mail surveillance Music 

Alarm Services Picture Retrieval 

Telemetry Facsimile 

Database Access Teleconferencing 

Teletext 

Videotex 

Telex 

TWX 


Utility Meter Reading 


Users will be able to access any or all of these services as ISDN is implemented to 
greater levels of capability. 


Before going into the specifics of ISDN with its associated services, you should become 
aware of the interfacing that is specified. Figure A-2 shows the standardized 
specification interfaces. 


First of all there are two types of terminal. T-1 is an ISDN compatible terminal which 
could possibly be a digital telephone set or an integrated voice/data terminal. This 
particular device may tie directly into an NT-1 interface device (described later) or, 
could plug into an NT-2 type interface (also described later). 


The second type of terminal, T-2, is one that would require a terminal adapter in order to 
plug into an ISDN interface. A typical example of this would be an RS-232 type device. 


If such a T-2 device is the one that you have it must plug into a terminal adapter, TA, 
which is designed to convert existing interfaces into an ISDN compatible interface. It is 
possible for the NI-2 device to contain that conversion capability internally, and 
therefore obviate the need for a separate TA device. 
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The NT-2 device is an intelligent device that may contain many different types of user 
oriented connections (5S and T). Typical examples of an NT-2 are a PBX/CBX or a cluster 
terminal controller. 


Finally, the NT-1 device is the network termination device which contains all of the 
necessary interface capabilities to communicate with the network. In other words this 
device terminates the local carrier's loop which is the connection to the switching 
office. As such NT-1 provides an interface to isolate the user's internal operation from 
the operation of the network technology. 


The different types of physical interfaces are also specified here and they start with the 
R type. The R interface could typically be RS-232 or a V type or X type CCITT interface. 
There will, in all likelihood, be a significant amount of terminal adapters coming onto 
the market to make it easier for the end user to interface with ISDN utilizing existing 
terminals. 


The S type interface is an ISDN compatible interface and will be used primarily for 
combining many different user lines into a single controller device like a PBX/CBX. The T 
interface, also an ISDN compatible interface will then provide the connection to an NT-1 


device for a single point of connection to the network. As can.be seen the T1 type 
terminal can be connected either through an NT-2 or an NT-1 device to the network. 


The. U interface is the one specified between the user's facility and the carrier. Various 
types of connectors as well as the quantity of lines are still being discussed relative to 
the S, T, and U interfaces, so there is still a potential for incompatibility at those 
locations. 


There is an even larger problem of compatibility, and that is, where the demarcation 
between the network and the user’s equipment physically rests. In the United States, the 
FCC has specified the U interface as being the location where the demarcation exists, 
while the CCITT has been pushing for the 5 interface. The FCC would like to see 
competition for the customer premises equipment (CPE) while in the CCITT world, they 
would like to see the network extend as far into the customer's world as possible 
because of the government control of the networks in Europe. Although there may be a 
compromise at the T interface, it is also quite possible that ISDN will end up with two 
separate interfaces, one for the U.S., and one outside the U.S. 


Finally, there will be a single device that will contain all of the functions within both 
the NT-1 and NT-2 network termination devices. This will combine the cluster 
controller type function with the network interfaces, and this termination unit will be 
called an NT-12. A typical example of this device would be a CBX with a direct network 
interface. 


On a simpler level, you can interface either existing terminal-type equipments, 
telephones, or any other existing device through an appropriate converter so that it is in 
the appropriate form and format to connect to the ISDN circuit, or you can obtain newer 
ISDN compatible devices which do not require that type of conversion. The bottom line 
here is that ISDN will allow upgrades from existing equipments as well as compatibility 
with newer custom-designed devices. 


With the above information in mind, a little history of ISDN is in order. There are really 
two anticipated generations of ISDN, with the first covering the period 1986 through 
approximately 1990. During this time, the CCITT will issue standardized equipment 
interfaces and establish the criteria for integrated voice and data access to the network. 
Firmer standards are expected by 1988, although there will be continually evolving 
standards for many years to come. The primary feature of this generation is that there 
will be more customer control of the feature availability for tying into the ISDN 
network. 


In a second generation of ISDN, which will start in about the 1990 timeframe, the user 
will begin to see the high-speed service availability of both video and highspeed data. 
There will be more of the integration of both circuit and packet switching, and there will 


be newer services that, in all likelihood, will be driven by the end-user's need for 
newer/faster services. 


Of the standards that have been set, the two that seem to be the firmest are what are 
known as the Basic.Access Interface (2B+D) which is a 144 kbps service. This service 
involves.two-channels at 64 kbps ( (called-B-channels) and a single 16 kbps channel for 

signaling which ts known as a D channel. 


The second definition is for a Primary:Access Interface which is called 23B+D. This isa 
1.544 mbps —— nen is precee up into twenty-three 64 kbps channels for information 

a Single 644 hannel fc aling. It is interesting to note that for the 2B+D and 
the 23B+D the D channel. is for signaling in both cases, but in the Basic Access it is 16 
kbps while in the Primary Access, the same designated D channel is now 64 kbps. This 
has been causing a lot of confusion and will probably continue to do so until users are 
more familiar with the two types of access. 


At the moment there are quite few companies that are providing switches for direct 
access between the user's site and the loca] telephone company offices. They are ATT 
with their *5-ESS, GTE with the GID-SEAX, Siemens-EWSD, NEC-61E (NEAX61), Northern 
Telecom - DMS100, Ericsson ~ AXE10, ITT - System 12 (no longer available in the United 
States), and Stromberg-Carlson. Even though these switches do provide the necessary 
hardware for interfacing with ISDN, you should be aware that without the appropriate 
software for signaling purposes, inter-office switching for ISDN applications will not be 
avaliable. This is one of the big potential problem areas with many tests going on today 
in different states, because the local ISDN interfaces may not be compatible once they 
are connected through the long-distance network. In this regard, it is anticipated that 
Illinois Bell will have the necessary Generic Software for their *5 switch sometime late 
in 1987. This really means that in order for users with the *SESS to have true inter- 
office ISDN transmissions, it will not be available until sometime in late 1987 or 1988 
at best. 


To add to the confusion of definitions, AT&T has announced anew service which they say 
goes beyond basic ISDN, and they call it the Universal Information Service (UIS). 
Conceptually, this is a universal type port which offers a dynamic allocation of network 
resources for all kinds of transmissions, whether they be data/voice/video/etc. In order 
to use this service, ISDN would provide the necessary path for the user to go from their 
own site, through the local telephone company, and then be able to access UIS for long- 
distance network services. 


DIGITAL TRANSMISSION REQUIREMENTS 


Prior to describing the details of ISDN-type transmissions, it is necessary to review the 
methodology of transmitting signals in a digital form. The first digital T carrier 
systems were provided by AT&T in 1962 for high-speed network trunking of voice 


transmissions. Voice was converted through a device called a Codec into a binary bit 
stream which required 64 kbps transmission (described in more detail later). These 64 
kbps paths were called “To” channels and twenty-four of them made up aT! channel. In 
order to multiplex these into higher and higher transmission rates, there was an 
evolution of what were called “channel banks” which were nothing more than 
sophisticated digital multiplexers. D1 through D3 channel banks evolved from 1962 to 
1973 and handled the 1.544 mbps /24 channel digitized voice transmissions. The D4 
channel bank first came out in 1977 and could handle either two T1 channels at 3.152 
mbps. or four T1 channels at 6.312 mbps. This allowed either forty-eight or ninety-six 
separate 64 kbps channels. There is anew DS channel Dank which will be available any 
time now, but to date the capacity for transmission has not been specified. 


Originally, the first D! channel bank was not compatible with the D2 through D4 channel 
banks, but AT&T retrofitted some of the D1! channel banks (and called them D1D) which 
was then compatible with the higher level channel banks. This means there may be 
facilities where, even though D1 channel banks are available, they may not be capable of 
handling ISDN-type transmissions, and you must check this with your local carrier for 
each of your facilities. A table of the speed verses transmission-type for digital 
transmissions is provided below. 


Transmission Data Digital Signal Number of 
Type Rate (in mbps) Designation Voice Channels 
ct 1.544 DS} 24 - pcm/48 - adpcm * 
aC lag DS 1G 48 
2 6.312 D5'2 96 
T2 fiber 12.624 DS -2 96 
Ts 44.736 DS- 3 672 
74 274.176 DS -4 4032 


* pcm = pulse code modulation - requires 64 kbps for digitized voice. 
adpcm = adaptive differential pulse code modulation - requires 32 kbps for digitized 
voice. 


With the various Channel banks in place and the growth of high speed transmission on the 
long-distance network, the viability of digital transmission grew. There were some 
digital services which were provided Starting in the early 1980's, and prior to November 


1983, all of those digital services were terminated by the local phone company which 
provided a Channel Service Unit (CSU) which was called Network Channel Terminating 
Equipment (NCTE). This device provided the necessary line equalization, signal shaping, 
and line loopbacks for testing the circuit between the carrier and the user's site. Also 
necessary was a device called a Digital Service Unit or Data Service Unit (DSU) which 
took the RS-232 generated signal and converted it to the necessary bipolar pulses for 
digital transmission. The DSU and the CSU were also available in an integrated unit 
which was the Western Electric SOOA when provided by AT&T. 


In October 1981 the CSU was established as the sole standard interface for digital 
services, and the DSU was broken out as a separate unit called the Western Electric 
S00B. This means the DSU can be obtained from a vendor other than the telephone 
company. 


The digital service originally offered by AT&T was called Dataphone Digital Service 
(DDS) which, for the first time, guaranteed an error rate for a data communications line. 
The number provided was 99.4’error free seconds out of every hundred, which comes out 
to 4.4 hours per year. This compared with an anticipated analog-error-rate-of one bit in 
error for every. 10°. For 128 character blocks this meant a block error of | out of 97 for 
analog and | out of 1,800 for digital, when both of them are transmitting at 9,600 bps. 
In addition, AT&T set up automated test locations for the digital service called ABATS 
(Automated Bit Access Test Systems) which could monitor and diagnose each user's 
digital lines. Troubleshooting could therefore be initiated from centralized locations and 
network reconfigurations could be performed when circuit segments, other than local 
loops, were found to be malfunctioning. The digital transmission rates were 2400 bps, 
4800 bps, 9600 bps, and 56 kbps. The service was provided on existing lines where 
appropriate signal regeneration equipment could be installed on local loops and the local 
telephone company class 5 switch could accommodate the digital signals. The latter was 
done by incorporating digital line cards in existing switches or installing new switches. 


Eventually, because of the multiple vendors developing both hardware and software, the 
need for a standardized digital type interface evolved, and we entered into the T! world 
at the user location and then ISDN. 


VICES -— S 


As a base from which digital transmissions would evolve, the Tl transmission rate was 
selected. Since 1.544 mbps at 24 channels of 64 kbps had been used for so many years, 
and the entire U. S. long distance network was based on T! and its multiples, it was only 
natural to use it as a base, but it is very much different in Europe where the TI 
equivalent is 2.048 mbps and provides 32 channels of 64 kbps each. Therefore, right at 
the start there is a significant incompatibility between the T1 rates and a specific 
resolution as to how to handle this situation has yet to be finalized. 


The T1 transmission rates can be implemented on different media. For 24 gauge twisted 
pair copper wire, the signal (to be described later) must be regenerated approximately 
every mile up to about 100 miles. Beyond that distance, there is a potential timing 
problem which may result in loss of synchronization. A second form of media which can 
be used with T1 is coaxial cable which can be used with specially designed modems 
which operate at 1.544 mbps information flow. Fiber optic transmission can be used 
especially where many T! channels must be multiplexed together. In today’s fiber world, 
the electrical signal needs to be regenerated approximately every 7 - 20 miles with the 
eventual Capacity expected to go well over | gbps. Direct microwave transmission can 
also be used, and it can be either analog microwave for short distances of up to two 
miles and carrying one to four TI lines, or it can be digital for longer distances (carrier 
world) and may consist of many T1 lines. Anyone of the above methods may be used to 
connect user locations directly together, or the user can be connected to one of the 
carriers using one or more of them. 
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Figure A - 3 


Since T1 transmission is so important to ISDN, a more detailed look at its mechanization 
is warranted. Figure A-3 shows the bipolar pulse which is generated for all digital 
transmissions. The primary characteristic of this pulse sequence is that the pulses only 
occur when there are “1” bits, and they alternate polarity. The rationale behind this kind 
of operation is two-fold. First.of all, the bipolar pulse itself eliminates the DC content 
of the electr ectrical signal as it travels down the transmission path, so transformers can be 
used for -coupli Ng purposes. The second reason is that if an extra pulse is generated due 
to noise somewhere, or, alternatively, if a | pulse 1s” Jost, it is easy for the next location 
of receiving hardware to detect that an error has occurred in the transmission. This 


detection takes place prior to the user's software getting involved and is an excellent 
way to detect errors during the transmission itself. 


Th } are the wey jamais thd 

Volts). InTI "clock time is every 648 ant 1S); hile the pulse- width itself is 
324 ns. There must be at least one “1” bit every f ihasen bits and at least three “1” bits in 
every 24 bits. 


In the T1 transmission itself there are a total of 24 channels, each one comprising 64 
kbps. The transmission is divided into frames and superframes. A frame is 193 bits long 
with eight bits from each of the 24 channels plus an extra “framing” bit as the 193£9 bit. 
A superframe is arepeating sequence of 12 frames that includes 12 special 
synchronizing bits for frame synchronization and voice band signaling information. The 
voice band signaling information is contained in the least significant bit of the sixth and 
twelfth frames (taken from the digitized voice information). This is shown in figure A-4. 
It should be noted at this time that if actual data is sent (not digitized voice) this “bit 
robbing” cannot be done, and therefore, digital data must be sent at arate of 56 kbps 
maximum. That is why the terms 56 kbps and 64 kbps are sometimes used 
interchangeably. In the case of digital data, the extra 8 kbps is utilized for the 
synchronizing and signaling information that would otherwise be removed from the 
digitized voice. When the least significant bit of every sixth and twelfth frame is 
removed from digitized voice, the impact on the quality of the voice is negligible. For 
data, however, it would be disastrous because you would be eliminating real data bits. 


In order to be compatible with T1 signaling, you must transmit and receive in accordance 
with AT&T publication 6241 | dated 9/83. This document will tell you all you need to 
know about the signaling in the event that you would want to design equipment to 
transmit to, receive from, or interface with other T! compatible equipments. All 
potential users must be aware that T! capability is not available in all areas, and in 
some states, not at all. AT&T has stated that at the end of 1986 only 60% of their 
offices were T1 compatible. 


There are other areas where the potential user may be affected by upgrades in the TI 
Capability. For example, anew compression mechanism called Adaptive Differential 
Pulse Code Modulation (ADPCM) is available but may not be widely used by local 
telephone companies because it is incompatible with D4 type channel banks. This form | 
of co nis known as M44 and consists of four separate channels of 384 kbps each, 

}bundles. Each bundle has eleven ADPCM digitized voice channel and one control 
channel. Therefore, if T! is utilized this way, it is capable of carrying 44 separate 
digitized voice channels(plus 4 control channels) instead of 23 and | for standard T1, but 
if not widely available in your particular area, it may be of academic interest only. 


Ft Fs 
Frame Terminal Signalling Superframe 
Framing Framing  Farmats 


Ft — A fixed pattern of 1 & Obits 
carried in the 193° bit of each 
T-1 frame and repeated every 
12 frames. 


Fs — Indicates to the receiving 
channel bank that certain 
frames contain signalling bits. 
Signalling bits are “robbed” from 
transmitted information to 
send control information 
like on/off hook, termination, 
dialing, etc. 


superframe — D4 framing format. 
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Transmission Framing 
Figure A-4 


Obviously, you can't have a T1 frame and superframe in the M44 type transmission. In 
addition, the T1 transmission method of integrated 24 channels must occur on the 
circuits from the customer to the local telephone company switching office. The 
signaling must therefore include the sixth and twelfth frame signaling bits which are 
known as A andB bits. These bits are used to send circuit information like on/off hook, 
busy, dial info, etc. In the future this may need to change because AT&T uses the 
separate 24th channel for signaling information on the long distance network. This is 
called “out-of-band” signaling and will be one of the requirements of ISDN. The 
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methodology for providing the signals in this 24' channel for ISDN is called Signaling 
system *7 (SS *7). Also for the future, the AT&T computer to PBX interface, which they 
call DMI (Digital Multiplexed Interface), will have this out-of-band signaling. 


_ SIGNALING SYSTEM 7 


Signaling System *7 will be the mechanism whereby various telephone offices can signal 
each other to complete a call being made through an ISDN connection. That is not to say 
that only ISDN will use SS *7, but it will be required for ISDN. SS #7 will support all 
necessary Call establishment and disconnect functions as well as billing, financial 
administration, and connection supervision overhead. The software necessary to provide 
SS *7 will be very fast, accurate, reliable, and each phase of a call for a dial connection 
will be handled separately. In other words, the call establishment, the conversation 
itself (data included), and disconnect will be handled by sending contro] messages 
between the various switching processors as opposed to looking for mechanical or 
electrical connections. 


When 355 *7 is implemented, the end user will have access to the full B channel of 64 
kbps without the necessary “bit stealing” for controls of that channel. This is 
sometimes known as “clear channel” operation. By utilizing the separate D channel for 
Signaling, a connection can be established or modified quickly with respect to its 
destination and characteristics. Data can be sent without disturbing existing 
connections, such as with a packet. This eliminates all of the negatives of in-band 
Signaling, not only for providing the clear channel, but also preventing the use of 
external equipment to utilize the long-distance network without paying for it (the blue 
boxes of old). This separate D channel signaling will be used for the path control 
between the user site and the ISDN network. The protocol for messages used on this 
channel is known as Link Access Protocol D (LAP-D) which is a modification of the LAP-B 
utilized in X.25 specifically for ISDN type functions. LAP-D has fewer options than LAP- 
B because it is designed for a very specific type of interface. As a direct consequence of 
SS. *7 there will be a different kind of signaling from the user site to the local telephone 
company central office. This will be called Q-931 signaling which utilizes the A and B 


bits described previously. 


TYPE OF ISDN CONNECTIONS 


In attempting to set-up ISDN connections between multiple telephone company offices 
(available in 1986 only under very limited conditions - no SS *7) you can see the type of 
connections in Figure A-5. These connections are for interLATA communications which 
will be the heaviest use for ISDN. On an intraLATA basis, a local telco can set-up its 
own form of connection, which may or may not be compatible with the long-distance 
carrier. This is the biggest area of potential incompatibility for ISDN. The user would 
like to communicate between logical devices (computers/terminals/etc.) and is looking 


toward ISDN.as a means for providing that path efficiently, along with voice circuits 
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that must be available between the same locations. For that reason, the T1 local loops 
should be selected with special care. For example, the wiring should not be put in the 
same cable as analog signals because the ringing signals on analog circuits can cause 
errors on the adjacent digital lines. The T1 digital pairs must also be carefully balanced 
for impedence so that the signal distortion does not degrade to the point where the 
Signals will not be recognizable. Also, the transmit and receive pairs from each circuit 
should be isolated, and if there are any bridged taps, they must be removed. A bridged 
tap is a connection which was made to the line in the past but has subsequently been 


LOCAL TELCO LOCAL TELCO 


Voice Data 


LONG DISTANCE 
CARRIER 


InterLATA ISDN Connections 


Figure A-S 
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disconnected as far as the instrument is concerned but not as far as the connection to 
the line is concerned. The degradation to impedence of that unused and improperly 
terminated connection will distort the T1 signal to the point where it may not be 
recognizabie. 


T1 on a dedicated basis is rarely economical at distances greater than 500 miles. 
Although the physical circuits can be the same as those used for analog circuits with 
their loading coils removed, they must have regenerators which recreate the signal about 
every 6,000 feet. For higher speed transmissions the regenerators must be placed 
approximately 3,000 feet apart (1 km). 


RELA TION 


Although the B and D channels have been defined and are in the process of 
implementation, there is also another channel, called the H channel. This H channel will 
be used for high capacity transmissions such as video. The H channel comes in a couple 
of different variations. First of all, there is Ho which is 384 kbps. It can handle packet 
switched data, facsimile, video, high speed data, and high quality audio, but has no 
Signaling capability. There are also non-channelized multiples of the Ho channel. They 
are HI 1 which is 1536 kbps and H12 which is 1920 kbps. Non-channelized means the 
user has access to the full bandwidth. For channelized multiples of Ho there is a 1216 
kbps channel that is divided up into three Ho channels plus one D channel. All products 
which indicate they are ISDN compatible should be upgradable to handle the various H 
channels. 


For those of you who are considering DDS type transmissions on a T1 or ISDN network, 
you should be aware that DDS bits are replicated on the backbone AT&T network which 
gives those transmissions their high degree of reliability (99.4 error-free seconds out of 
every 100 seconds). Since T! is rated to be approximately 95% error-free, when DDS 
transmissions are sent via T1 transmission paths, there will be some degradation with 
respect to errors. Also, for DDS transmissions which are sent in T! subchannels (TO - 
64 kbps), the last bit of each eight bit sequence must be set to a “1” to tell the receiving 
T1 processor that the other seven bits are really customer bits. Those TO channels 
which contain DDS data do not carry any in-band signaling status bits (A and B) like voice 
does. For 9.6 kbps and less transmission rates, the first bit in each eight bit sequence is 
also required for control which leaves six bits for customer use. This first bit is called 
the sub-rate framing bit, and a special bit pattern in consecutive time slots identifies 
the transmission rate as being 9.6, 4.8, or 2.4kbps. A separate piece of hardware is 
required to handle these sub-rate transmissions, and a maximum of five sub-rate 
channels of 9.6 kbps can be handled on a single TO channel. 


Of all the ISDN tests that are in process today, the primary feature seems to be the 
ability to communicate across a T! channel between multiple locations and devices. In 
reality, however, there are no tests which, at present, communicate via a switched 
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connection between telephone company offices. As was stated previously, this cannot 
occur until Signaling System *7 is implemented, and this will not be until late 1987 or 
1988. What is it, then, that is being tested? The hardware and the interfaces between 
the user's site and the local telephone companies are what is being installed. These are 
all being done in anticipation of future evolution to a standardized ISDN network. The 
problem with this philosophy is that many of the local telephone companies are 
installing ISDN services for their local customers and the interfaces may not be the 
same for other telco’s. Neither is the interface with the long-distance carrier standard. 
Still, there may be a lot to be gained by trying these new connections, but, at the same 
time, you must realize that they may only be good for communicating within a single 
LATA. If you want to be a pioneer and hope that the inconsistencies will be worked out, 
then you are a prime candidate for one of these tests. One of the more interesting of 
these tests is Project Victoria from Pacific Bell in California. A diagram of this test is 
shown in Figure A-6. On a standard local loop in Danville, 200 users will have equipment 
installed at their sites (residential and business) which will accommodate two digitized 
voice channels, one FDX 9.6 kbps data channel, four FDX 1200 bps data channels, and an 
optional signaling channel. This conforms to a smaller CCITT 1B+D standard which is a 
total of 80 kbps (64 kbps + 16 kbps). The voice channels are 32 kbps ADPCM and the 
single 16 kbps data channel is divided into the single 9.6 kbps and four 1.2 kbps data 
channels. The 2B+D standard (basic rate of 144 kbps) will be made available as soon as 
possible. The primary use of this particular service is for telecommuting and interoffice 
communication where the ISDN line will replace the separate lines which are presently 
running for those services now. 


Switched Network 
Packet Network 
Leased Lines 
Telemetry 


Telco 
Central Office 
Switch 


Voice Victoria 
Data Interface 
Telemetry on User Site 


Local Loop 


2 — Voice Channels 

1 — 9600 BPS Data Channel 

4—- 1200 BPS Data Channels 

1 — Optional Signalling Channel 


Pacific Bell's Project Victoria 
Figure A-6 
The multiplexer on the customer site integrates all of the local paths, and the Pac Bell 
central office will split them out to be routed independently throughout the rest of the 


network. This test is being described as an ISDN test but will have a wider application 
if more end user's find the service economically viable. 
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This also points out some of the other ISDN attractions. They are the reduction in 
requirements for total modems, reduction of the amount of internal coaxial cabling 
required to connect devices, and a reduction in the 25 paired cables which link office 
phones at present. Station moves can be made very easily because there is only an 
addressing scheme involved, and this can be handled in software. Ultimately, even 
Personal Computers can be tied into ISDN as there is no doubt an interface card will be 
developed to do just that. This process will be the same as a protocol conversion which 
is already being done, and ISDN can be looked at as being just another type of interface. 


Finally, if ISDN is going to implemented at the local telephone central offices, it will 
strengthen the viability of Centrex service because many of the connections can be done 
right at the telco office instead of on the customer's site utilizing customer resources. 
Eventually, this may mean the requirement for on-site PBX’s will be reduced. 


Also, because of the digital nature of the ISDN transmissions, they are more amenable to 
encryption for sensitive transmissions. It is, therefore, quite possible that, in the 
future, users will be able intermix both clear and encrypted transmissions for those 
applications which require them. Although there is very little doubt that ISDN is coming, 
there is significant doubt as to what the final standards will be. Therefore, if the end 
user decides to implement ISDN now, he is taking a very big chance that, in the future, 
compatibility may not exist at both ends of a long-distance connection. This should be a 
“buyer beware” situation such that if you decide you want to go ISDN now, you recognize 
what the potential problems will be later. 
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MODEMS 


The world of modems has been changing significantly in the last few years with the 
speed increasing, costs coming down, and new technology being added to improve the 
effective information throughput. 


First of all we have the speed increases. Modems today are capable of operation at up to 
9600 bps in a full duplex mode on a dial up circuit. At the same time there are other 
modems that can operate up to 19.2 kbps on leased D1 conditioned lines. To support 
these types of operation, the CCITT has come up with a set of specifications that 
describe the operation of the modems at those speeds. Table B-1 describes the new 
specifications as well as the older ones for lower speed, all on one chart. This chart 
now replaces the two tables listed in the text on pages 190 and 191. What is included is 
both the CCITT specs (V series), as well as the ATT equivalents. This table can be used 
for comparison purposes, but it should be noted that just because the parameters appear 
to be the same, it does not necessarily mean that two modems are compatible. There is 
compatibility between the 212 modem operating at 300 bps and the 103 modem, as well 
as the V.22 modem operating at 1200 bps and the 212 modem operating at 1200 bps. 
Where the problem enters is during the “fallback mode" where the 212 will operate at 
500 bps while the V.22 will operate at 600 bps. This kind of situation will also exist 
with the V.22 BIS modem in the faliback modes. Therefore, the user must know ahead of 
time which primary and fallback speeds they want to use and then make sure the modems 
at both ends of the line are compatible with each other. 


AS Can be seen, the higher speed specifications such as V.29, V.32, V.33, and V.35 are 
more thoroughly defined now. This will provide a basis for compatibility between 
different vendor products at these higher speeds. It appears at this time that most 
vendors are designing their modems to be compatible with the spec at these speeds, but 
there are also some vendors who are utilizing their own proprietery techniques which 
might cause problems in the future if new sites are to be integrated into a network. 


The new technologies that are being added are twofold. First there is better equalization 
and filter circuitry which allows the modem to optimize transmission for any given line 
connection. The chips that are being developed today allow this equalization to take 
place at a faster rate for a lower cost. Secondly there is the use of data compression 
techniques within the modems themselves which allow what appears to be a higher 
effective throughput to the user. By compressing character information It 1s possible to 
get up to a 50% reduction in the total amount of bits to be transmitted, and this would 
allow the doubling of the user throughput, while the transmission rate on the line ) 
appears to be the same. Lastly, there is a forward error correcting technique utilizing a 
convolutional code which not only involves anew implementation of this technology, but 
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Modem Data Rate Baud Modulation Carrier 
Type (bps) | Rate Method HDX/FDX Frequency 


300 300 1070/1270 - orig. 
meracterite i Ai Sait [ouai Barrer |as ko | 2025/2225 - ans. 
pv.2i pf 300 | 300 [| FSK | FDX- 2 Wire 980/1 180 - orig. 
OE Ee a ee Dee 1650/1850 - ans. 
1200/2200 
Besse oP Se ee SFO Wire 387 Backchannel 
| v.22 7 1200 | 600 | DPSK | FDX- 2 Wire| 1200/2400 
me 600) [600 J Psk TS] FDX = 2 Wire 1200/2400 
| 212 | 1200 | 600 | DPSK | FDX- 2 Wire| 1200/2400 
| CUT 6300 =2f 300 [| FSK —sCOYs»FDX - 2 Wire ] 1070/1270 - orig. \ 2025/2225 - ens 
| v.23] 1200 [1200] FSK | HDX - 2 Wire| 1300/2100\ 390/450 Backchennel 
| —sr | «6600 ~=6©dT 600 | FSK CY: HDX - 2 Wire |_1300/1700\ 390/450 Backchannel 
| 201 | 2400 | 1200] ppsk [| HDX - 2 Wire| 1800 
eee a epx eat wire” 
'V.22bis| 2400 [ 600 | QAM | FDX-2 Wire 1200/2400 
| sds 1200 ~[ 600 [| ppsk | FDx- 2 wire | 1200/2400 
| v.26 | 2400 [1200] DPSK | FDX- 4 Wire | 1800 
AS a 
V.26bis} 2400 [1200] ppskK | HDx-2 Wire| 1800 
Be Piet 200)151200 fh PSK. ©” HDX ="2 wire 1800 
1800 
| CT 1200 [1200] ppskK | FDX - 2 Wire 1800 

208 | 4800 [1600] PM [HDX - 2 Wire 1800 
LS ae a a ee 
(1600 | PM _f| FDX- 4 Wire | 1800 
EE SS Ee 
V.27bis] 4800 | 1600} PM | FDX - 4 Wire| 1800 
is 2400.01 1200)... PM. LL EDX = 4.wire | 1800 
(1600 | PM _|_ HDX - 2 Wire 1800 
mt) 2400)..0.1200 1. PM HDX = 2 Wire’ 1800 
|_9600 | 2400] QAM | HDX -2 Wire 1650 
ET a ae ee eee ae 
| v.29 | 9600 | 2400] QAM | FDX-4wWire 1700 
| rT ag00 =| 2400] ppsk ___| FDx- 4 wire | 1700 
FDX - 2 Wire 1800 
| S| 4800 =| 2400] GAM | FDX-2 Wire 1800 

V.33_ 1 14.400 | 2400 | QAM | FDX- 4 Wire| 1800 

Liectealotd Reteetbiry o] Rnistor ie aad 
| V-35—4--48.000-=NAA- | AM/FM] FDX-—4-Wire. ____ 109-886 
odem Chart 
Table B-1 
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also provides the additional reliability in transmission. For example, the Codex 2680 
modem operates at 19.2 kbps over 3002 D1 conditioned lines. Normally, a signal 
constellation of 256 points would be required (6 bitS/baud), but with the use of Trellis 
coding (the form of convolutional coding used) it is possible to get the signal points 
reduced to 160, even though an additional point has to be added for the forward error 
correction. The way the modem works is to collect information bits in 28 bit sequences 
(4 symbols). It does this 2,743 times per second. 3 of the 28 bits are put through a 64 
state convolutional encoder that adds an extra bit. Then the 29 bits are mapped into 4 
separate signal points selected from a 160 point constellation. At the receive end, when 
the bit stream is decoded, the demodulator can select the most likely stream of 29 bits 
that made up the originally transmitted sequence. By reducing the amount of points to be 
decoded, the receiver can tolerate more than twice as much noise as a non-Trellis coded 
transmission. This mechanism can reduce the error rate by three orders of magnitude, 
and therefore gives an extremely high reliability to the reception of information without 
errors. 


Another related area where reliability is being improved is at the low speed end for 
those transmissions at 1200 bps asynchronous for use with PC’s. Since transmissions at 
these rates are asynchronous, there is no inherent error detection capability like there is 
with synchronous transmission that use BCC or CRC. As such, some vendors have put the 
Capability for detecting errors at these transmissions rates into their modems. These 
are sometimes called modem protocols. The two primary schemes are called the 
Microcom Networking Protocol (MNP) and X.PC. — 


X.PC is.a public domain error checking protocol that is backed heavily by Tymnet for use 
with their packet switching network. MNP used to have a licensing fee, but in early 1986 
Microcom, due to user pressures, decided to make their MNP available for $100 to cover 
documentation cost. At this point in time there is heavy use of both protocols and it is 
quite possible that both will exist simultaneously for many years to come. 


There is a third protocol which is used by Concord Data Systems which utilizes an ARQ 
type of retransmission sequence. This is only available with Concord modems, but has a 
wide usage because of the quantity of Concord modems in the user community. 


Even though these modem protocols are available at 1200 bps, as well as at 2400 bps 
FDX, more than half the modems at 2400 bps FDX in the user community today do not have © 
any error detection Capability built into them at all, which is very significant 

considering the increase in transmission errors which wil] occur at the higher speed. 


While discussing the subject of modems, there are many pieces of information which 
don't fall into any particular descriptive category, but which the user should be aware of. 
For example, when utilizing a V.22 BIS modem the “answer tone” is the defined as 2100 
Hz. Operation on the U.S. and Canadian networks however require an answer tone of 2225 
Hz. The 212 modem has a 2225 Hz answer tone but seems to operate with either 
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frequency of answer tone, while the V.22 BIS modems don't always recognize the 2100 
Hz tone. This means that utilizing a V.22 BIS modem in North America may not be a wise 
choice. 


Also when discussing the V.22 BIS modem, the number of fallback speeds and the format 
of the carrier handshake to get to that speed is not defined in enough detail to make the 
fallback reliable. For compatibility with 212 type operation, there must be a fallback to 
300 bps which the V.22 BIS does not have. Secondly, the sequence at the RS-232 
interface (V.24 for the CCITT) is not the same, and also the auto-dialing command set 
used to establish a connection will probably be different (CCITT uses V.25 and V.25 BIS 
which is very unwieldly, while in the U.S. the modem vendors typically use a subset of 
the Hayes AT command set). The V.25 is for parallel interfaces while the V.25 BIS is for 
serial interfaces. Also, besides the Hayes command set there is a separate command set 
established by Concord and ATT Information Systems (ATTIS). 


Another potential incompatible area is the “call waiting” feature available in the US. 
Call waiting is provided by a temporary disconnect which lasts somewhere between 50- 
200 ms. A V.22 BIS modem will drop its carrier detect in 40-65 ms while the 212 A 
modem wil] use between 600-700 ms before it will drop its carrier detect signal. This 
means a V.22 BIS modem may not be usable where call waiting is available. 


Another term which you may run into when discussing modems is the “scrambler”. A 
scrambler is used to randomize data before modulation. It is usually necessary to 
prevent long strings of O's or I's from causing the modems to go out of synchronization. 
ocramblers are used in high speed modems where there are two or more bits per Daud. 
For example, if there are three bits per baud the normal designation for the signal points 
in the constellation would start off with 000, then go to 001 and continue in a binary 
sequence until 111 is reached. The scrambler takes the 000 and the 111 combination at 
a minimum and puts them out of sequence to guarantee that there will always be some 
phase shift for the carrier output which is not 0° or 180°. Such a continuous sequence of 
O's or 1's would be detrimental to a modem which is pattern sensitive to a long string of 
DO S:0RTS: 


Modem training time was discussed in the chapter on synchronous transmission, and is 
the time associated with the demodulator establishing the appropriate clock position on 
pin 17 of the RS-232 interface with respect to the data on pin 3 at that interface. 
During this same time the demodulator will also establish the equalization parameters 
for its filter circuitry in those modems that have automatic or adaptive equalization. 
This takes place during the training time. 


Another term that is being used more and more in the high speed modem world is QAM. 
This stands for Quadrature Aa a ner emg and isa chee form for providing 
carrier modulation. It involves tr vo separate carri he same frequency 
from the same transmitter. The enone Is “ESR Tet 
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cosine-wave. When trying to establish a signal constellation with varying amplitudes 
and phases, you can take the X axis value and modulate the cosine wave, while at the 
same time take the Y axis value to modulate the sine wave. At the receive end, both 
carriers are detected and demodulated to give the specific received signal point being 
transmitted. Another way to utilize the QAM is in the Trellis coded modulation scheme 
where, for example, at a 14.4 kbps transmission rate you would normally have 64 states 
with 6 bits per state. The modem could take 6 bit symbols at arate of 2400 times a 
second and take the last 2 bits in each symbol, and encode them utilizing a Trellis code 
to give a set of three encoded bits. The result is 4 data bits and 3 encoded Trellis bits 
giving a 128 point signal constellation. The 4 data bits can modify the cosine carrier 
while the 3 encoded bits can modify the sine carrier. The 3 encoded bits can select | of 
8 different subsets where each subset is!6 bits. Because of the FEC only certain 
sequences of signal points are valid and the spread between adjacent valid signal points 
is much greater than if no FEC was used, and therefore there is a much lower probability 
of errors being generated. 


Also, while we are discussing signal constellations you might be interested to see what 
they look like for most of the standard modems in use today. Starting from a 212 modem 
and going up through a V.32 type modem you can see the signal constellations in Figure 
B-1. These “Eye” patterns can be used in conjunction with those on pages 184 and 185 in 
the text to give you a good overall description of what the various signal constellations 
look like. 


Finally, when looking at the “Eye” patterns, you can also get a good idea of the kind of 
degradation you are having when data errors are excessive. Some of the impairment 
effects are shown in Figure B-2. 


OTHER TRANSMISSION MECHANISMS 


In today’s data communications world there are other ways to transmit data besides 
using modems. For example, in the television and FM radio transmission world there is a 
substantial amount of excess bandwidth called sidebands which are not used. In FM this 
is called subcarrier while on TV it is called the vertical blanking interval (VBI). These 
involve a one way transmission only (cannot be used interactively unless you have a 

Non, ns URINE HIRE EA It is user and distance insensitive as long as you are in 
the broadcast range of the station transmitter. Typically, sideband transmissions are 
used to broadcast information, electronic publishing, database distribution, software 
delivery, education, and most prevalently at the moment, stock quotations. This is a 
rapidly growing market segment today with the anticipated vendor base being retailers, 
wire services, database providers, and supermarket chains for shop at home service. 

A second form of transmission is called Spread Spectrum. This technique can be used on local 
telephone loops that,are “unloaded”, and can be used simultaneously with voice. 
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Spread Spectrum techniques involve the breaking up of the individual bits into bit 
sequences and transmitting pieces of the sequence ("sub—bits") at different frequencies. 
Even if some of the bits in the generated bit streams are lost, the actual total sequence 
can be approximated to give you the actual individual bit you wanted to transmit. For 
example a 1 bit can be represented by the sequence 10010110 while the 0 bit can be 
represented by 01101001. Obviously, you don't have to get all the bits to make a 
determination of which sequence would have been received if all of the sub-bits were 
received correctly. It is like singing a song where not all of the words come through but 
you recognize the tune. On user owned wire or local loops there is no inherent bandwidth 
limitation so many different carriers can be used for the sub-bits. This sequencing not 
only substantially reduces or eliminates the effect of line noise and echoes, but is also 
an invaluable tool if you desire to encrypt your transmission. An unauthorized intruder 
would have to have a device which would pick up the specific carriers you were utilizing 
for transmission. To add another level of preventing unauthorized intrusion, you would 
add to the sequencing a “frequency hopping’ mechanism for putting bits on different 
carriers at different times. The intruder then would also need to know what the 
algorithm was for which bits were going to be transmitted on what carrier at what time. 
This type of transmission will be used primarily for communicating between facilities 
that are either within an industrial park or within a couple of miles of each other. It is 
very expensive at this point in time, but in the future it is anticipated to be down in the 
$500 per end range. The technique is well proven since it has been used in the military 
world for many years and is now becoming available in the commercial world. 


Lastly, if you want to communicate between buildings and there is no way torun a cable 
between those facilities, you may want to evaluate the use of infra-red. This can take 
the place of local microwave and is substantially easier to incorporate because there are 
no FCC filings with their inherent delays. The signal is a baseband digital or analog 
signal which is modulated onto a high frequency carrier (digital is the most common 
method). The form of modulation is preferably FM. The modulated carrier goes first to 
an infrared LED, and then sent to a Solid State Laser where the output infrared beam is 
modulated. This is good for up to one mile, especially in the 23 GHz range. The speed of 
transmission is comparable to T carrier rates up to T3 (45 mbps). 


Multiple transceivers can be near each other because of the narrow spread of the beam, 
and the primary use can be for bypassing copper links or for a “final hop” in a local 
carrier bypass direct to a long distance carrier. One of the considerations in this 
technique is that the transmitters have to be protected so that humans do not look into 
the beam because there could be harmful affects to the eye. Each transmitter is labeled 
with a rating established by the government which indicates the level of potential 
hazard. This is a concern, but with proper Pere should not be a factor in the 
decision. 
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Costs for this type of transmission are becoming very competitive at T-1 rates and are 
expected to be reduced even further as more units are built. 
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CANADA 


The Canadian data communications industry is much more like the United States than it 
is Europe. Part of this similarity stems from the fact that the Bell System technology 
was dominant in Canada through the early part of the 1900's. Today there are many 
carriers all throughout Canada although Bel] Canada constitutes more than half of all 
telephone operations for the entire country. The structure of the various organizations 
within Canada is shown in Figure C-1. 


In the center we have Telecom Canada which is an association of some of the largest 
Canadian telephone companies. It is a common carrier which provides public 
telecommunications facilities and prior to September 1983 it was called the 
TransCanada Telephone System (TCTS). 


The diagram shows the major carriers that are part of Telecom Canada, but it should be 
noted that there are seven other major carriers as well as many smaller carriers 
throughout Canada that provide the various services to end users. 


The largest member of Telecom Canada is Bel] Canada which today is a privately owned 
company. Bell Canada services Ontario, Quebec, Northwest Territories, and various 
exchanges in the Arctic. 


In arelated area, Bell created a manufacturing subsidiary in 1882 called Northern 
Electric and Manufacturing Company to produce telephone equipment for Canadian use. 
Northern Electric became a separate company in 1895 and in 1976 was renamed Northern 
Telecom. Northern Telecom was the equivalent to the Western Electric Company in the 
United States which is today a part of AT&T Technologies Group. 


TO support research and development in the Data Communications area Bell Canada and 
Northern Telecom set up a separate organization which is known as Bell Northern 
Research (BNR). Which is the equivalent of AT&T Bell Laboratories of the U.S. It is the 
largest industrial research and development laboratory in Canada and they have a 
subsidiary in the United States which is called BNR, Inc. 


Another organization that was formed by Bell Canada is Bell Canada International (BC!). 
This organization provides consulting services to organizations which require 
communications capabilities around the world. 
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From a service point of view Telecom Canada offers various services to the 
communications users. They are — 


DATAROUTE — 


DATAROUTE is an all digital, dedicated communications capability serving the entire 
country. Digital transmission speeds can range from 45 kbps to 56 kbps with either half 
or full duplex circuits. Point to point and multipoint circuits are available in more than 
75 cities in Canada. 


In areas that are not served directly by DATAROUTE facilities, users can access the 
service through dial-up circuits or through existing analog facilities. It should be noted 
however that the advantages of digital transmission lower error rates are significantly 
reduced when accessed through analog facilities. 


DATAROUTE has a connection to the AT&T equivalent service called Dataphone Digital 
Service (DDS). This is called DATAROUTE International and provides all digital circuits 
between the U.S. and Canadian cities which have digital access capability. 


DATALINK — 


Datalink is a dial digital service where transmission is synchronous at speeds of 2400, 
4800, and 9600 bps in a full duplex mode. Since it is bit oriented it is transparent to the 
user's protocol and code set. Datalink is available in all DATAROUTE locations where the 
user has a dedicated local loop connection to the carrier switch supporting the datalink 
service. 


DATAPAC — 


Datapac is a packet switching service utilizing the X.25 interface. It was first made 
available in 1977 and utilizes DATAROUTE circuits which not only provides connections 
all throughout Canada, but has gateways to the U.S., Europe, and the Far East. A local 
Datapac node can be dialed using standard analog circuits or accessed via dedicated 
digital circuits. The Datapac services support the following: 


— Synchronous devices from 1200 to 9600 bps 
— Asynchronous 110 to 1200 bps 

- CCITT V.3 - ISO poll/select protocol 

—- IBM 2740 terminal at 1345 bps 

— IBM 3270 Bisync 
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— IBM Bisync HASP at 2400 to 9600 bps 
— IBM Bisync terminals using contention mode up to 4800 bps 
NATIONAL SYSTEMS GROUP (NSG) —- 


This is the organization within Telecom Canada that has the responsibility for providing 
all data communications services. It was called the Computer Communications Group 
(CCG) prior to April 1983. | 


DATA TECHNICAL SUPPORT GROUP (DATSG) — 


This is the organization within Telecom Canada which provides personnel for assistance 
in designing and developing new implementations for users, and for providing assistance 
in solving complex network problems. 


TELEGLOBE CANADA — 


Teleglobe is an international common carrier which provides both voice and data 
services between Canada and the rest of the world. It was established as a Crown 
Corporation in 1950 under the name of Canadian Overseas Telecommunication 
Corporation (COTC). Teleglobe utilizes a network of submarine cables which cross the 


Atlantic and Pacific Oceans which they own Jointly with other countries. Teleglobe also 
utilizes satellite channels which they lease from INTELSAT (international 


Telecommunications Satellite Organization). Specific other services that are provided 
by Teleglobe are — 


AUTOCOM II- 


This is a service which allows storage of messages for both domestic and international 
forwarding. Users own or lease their terminal equipment from local carriers and connect 
to Autocom || at speeds from 50 to 300 bps. Code conversion is provided from Baudot to 
ASCII for example and features a fully redundant backup system. Typical message 
switching capabilities such as long term storage, sequence numbering, statistical 
reports, line polling, and multistation addressing are also provided. 


GLOBEDAT — 


This is a service at which speeds of 300 to 1200 bps are common with higher speeds up 
to 4800 bps available to selected countries like the UK., Japan, and France. Globedat is 
primarily intended to support the connection of user terminals to host computers over 
international circuits. The charging mechanism is based on a cost for accessing the 
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network, a charge based on volume of transmission (like a packet), and the duration of 
the call. 


GLOBEFAX — 


This is a high speed facsimile service for document transmission between Montreal and 
at present to the following countries: Australia, Bahrain, Bermuda, Hong Kong, Japan, 
Singapore, and Switzerland. Documents must be of standard letter or legal size. 


TELEGRAPH — 


This is a special leased line connection for transmission and reception of low speed 
teletype transmission in the speed range of 50 - 200 bps. Half and full duplex circuits 
can be provided. 


DEDICATED SERVICES — 


These are leased line services which utilize standard voice grade channels for 
international connections. Both satellite and submarine cable facilities can be used. It 
is possible to utilize these circuits for alternate voice/data services where voice 
conversations as well as data can be transmitted at alternate times (not at the same 
time). If required, wide band services can also be provided. Asynchronous data 
transmissions can be 300, 600, or 1200 bps, while synchronous transmissions can be up 
to 9600 bps. The wide band circuits can support data at 56,000 bps. 


CNCP TELECOMMUNICATIONS — 


CNCP (Canadian National/Canadian Pacific) Telecommunications is a joint venture of the 
two large Canadian railroads, Canadian National and Canadian Pacific. It is a common 
carrier which provides data oriented services throughout Canada. CNCP services compete 
directly with Telecom Canada services and also provides voice service to the Northwest 
Territories, the Yukon, the northern parts of British Columbia, and parts of 
Newfoundland. The services offered by CNCP are — 


INFODAT — 


In competition to Telecom Canada’s DATAROUTE service, CNCP introduced their all digital 
transmission service called INFODAT in 1973. Transmission speeds of up to 56 kbps 
with point to point or multipoint capability is provided to the following cities at the 
present: Brampton, Brandon, Calgary, Clarkson, Edmonton, Halifax, Hamilton, Kingston, 
Kitchener, Lethbridge, London, Moncton, Montreal, Oakville, Oshawa, Ottowa, Quebec City, 
Regina, St. John, Sarnia, Saskatoon, Sudbury, Thompson, Thunder Bay, Toronto, Vancouver, 
Victoria, Windser, and Winnipeg. ; 
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INFOSWITCH — 


This is a nationwide digital packet switching service which was introduced in 1977. 
INFOSWITCH provides three separate services which are — 


INFOEXCHANGE — 


This is a service which allows users to connect standard terminal 
equipments utilizing RS-232 interfaces and ASCI!, BCD or EBCDIC code sets. 
This is a circuit switched type connection where the address of the 
destination is specified in an originating message, and once connected the 
user has a dedicated point to point connection with the addressed location. 
Asynchronous transmission speeds supported are 110, 134.5, 300, 600, and 
1200 bps, while 1200, 2400, 4800, and 9600 bps can be supported when 
running synchronously. Typical of the synchronous protocols supported are 
HDLC (International High Level Data Link Control) - SDLC (the IBM subset of 
HDLC), and Bisync. 


INFOCALL — 


Infocall provides the ability for users to connect existing terminal 
equipments which utilize various standard protocols such as Bisync, SDLC, 
and HDLC utilizing the same speed and code sets as are utilized with 
INFOEXCHANGE. When user data arrives at the network location it is put into 
a packet format and transmitted through the network as a packet 
transmission. The packet sizes are established in asynchronous 
transmission based on either quantity of characters or receipt of a line feed 
character, while in synchronous transmission an entire block or 
predetermined packet size is sent. 


INFOGRAM — 


This service is very similar to INFOCALL except that the user’s terminal 
controller must be capable of utilizing the INFOGRAM Network Access 
Protocol which is also Known as the INFOSWITCH Protocol. 


TELEX. = 


This is a service which provides connection to the international telex network which is 
the largest communication system in the world consisting of over 500,000 terminals. In 
Canada alone there are over 42,000 businesses which utilize telex while in the U.S. there 
are an additional 74,000 telex users. Telex is an international low speed message 
delivery service which utilizes Baudot code and transmits at arate of 75 baud which is 
equivalent to 50 bps of information. It should be noted that in Baudot transmission Baud 
and bps cannot be used interchangably. The CNCP telex service provides a direct 
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connection to the telex services of Western Union in the U.S., but does not provide a 
connection to the North American TWX network. In the U.S. there are conversion 
equipments provided by various carriers to connect the TWX and Telex networks but that 
is not available from CNCP. Another unique requirement of the telex service of CNCP is 
that only vendor provided terminal equipment can be used. Customer provided equipment 
is not permitted. | 


One last type of service to be described is provided by TELESAT CANADA. Telesat Canada 
was incorporated by an act of Parliament in September 1969 as a federally regulated, 
commercial telecommunications carrier. Even though it is not a Crown Corporation it is 
regulated by the government. Telesat Canada is a member of Telecom Canada and is 
investor owned by major carriers and the Canadian government. Until recently, Telesat 
operated as a “wholesaler” of domestic satellite services to other carriers only, but 
recently Telesat was given the option of marketing the service directly to end users as 
well. 


The satellites used by Telesat are known as the ANIK series of which there are six 


presently in orbit with the seventh scheduled to be launched in 1990. ANIK is an Eskimo 
word for “friend”. 
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PROTOCOLS 


No discussion of the protocol world would be complete today without a description of the 
seven lJayer OSI reference model. OS] stands for Open Systems Interconnect and is a 
specification describing seven different layers of interface by the International — 
on (150). With all the different vendors providing all kinds of 

different products it is very hard for any end user to connect products and/or services 
that are provided by different vendors. The aim of the OSI model is to provide a 
Standardized set of parameters which, if followed by different vendors, would provide a 
Methodology for communicating at all levels in the user's environment. If you look at 

_ Figure D-1 you will see the seven defined levels. 


LAYER -— 7 Protocol LAYER - 7 
APPLICATION pee a APPLICATION 
LAYER - 6 Protocol LAYER - 6 
PRESENTATION PRESENTATION 
Protocol 


LAYER - 4 
TRANSPORT 


LAYER - 4 
TRANSPORT 


LAYER — 2 


Protocol] 
DAT ALINK 
LAYER — | 


PHYSICAL 


SYSTEM A 


LAYER — 2 
DAT ALINK 
LAYER -— | 

PHYSICAL 


SYSTEM B 


OS! Reference Mode! 


Figure D-| 


On a gross level the bottom three layers, physical/datalink/network, are responsible for 
the communications functions and provide a mechanism for moving the information from 
one system to another. The middle, or transport layer, is responsible for making sure 
that the information is delivered from one system to another. And finally, the top three 
layers are processing oriented in that they involve the user's processing of the 
information either in anticipation of transmission or after reception. A description of 
each layer is as follows: : 
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LAYER | — This ts called the physical layer and includes the functions required to 
activate, maintain, and deactivate the physical connection. It defines both the 
functional and procedural characteristics of the interface to the physical circuit. . 
Included in this layer are the electrical specifications, the cabling/wiring 
characteristics, and a functional description of the data and control flow across a 
DTE/DCE interface. 


LAYER 2 - This is called the Datalink layer and covers the mechanism for synchronizing 
and error control of the information transmitted over the physical link, regardless 
of what that information represents. It includes error checking, acknowledgment 
at the receive end, and control of the data flow into and out of the nodes on a 
particular link. 


LAYER 3 — This is the network layer which provides the necessary switching and routing 
functions required to establish, maintain, and terminate any switched connections 
between the transmitting and receiving locations. It specifies the interface of the 
user DTE into a packet switched network and includes disassembly, reassembly, 
and error correction for the various segments transmitted through the network. 


LAYER 4 — The transport layer provides an end to end control for information interchange 
at the reliability and quality level required for the upper three layers (the 
application process). This layer includes such functions as multiplexing 
independent message strings over a single connection when required, segmenting 
data into appropriate sized units for handling by the network layer, and provides a 
level of isolation designed to keep the user independent of the physical and 
operational functions of the network itself. 


LAYER 5 — This session layer provides the necessary interface to support the dialog 
between two separate applications and provides two primary forms of dialog. The 
first being a two way alternating or half duplex mode, and secondly a two way 
Simultaneous (full duplex) mode. The functions that can be performed at this level] 
are typically setting up synchronization points for intermediate checking and 
recovery of file transfers, providing abort and restarts, and priority data flows. 


LAYER 6 — This 1s the presentation layer and insures that information is delivered ina 
form that the receiving system can understand and use, in other words, the syntax, 
or the physical representation of the data. This layer is not concerned with the 
meaning of the information, only to present it in a form that will be recognizable 
by the application layer. An example of the implementation of this level is to have 
two terminals talking to each other where one would use ASCI/ code and the other 
one would use EBCDIC in an IBM environment. The presentation layer would provide 
the negotiation and determination as to which end would do the translating of the 


code to the application layer while maintaining the meaning of the information the 
same. 
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LAYER 7 — The application layer is concerned with the support of the end user's 
application. At this level the meaning of the information ts important, and its 
function is to support distributed applications as well as to manipulate 
information. This means it can provide file transfers, virtual files and terminals, 
distributed processing, and other functions. 


. When two compatible systems are communicating with each other it is the two 
application layers that need to move the information back and forth. If there was a 
direct connection between the two, the information would move down in the application 
layer through the physical layer at that site, across the communications link and then up 
the seven layers in the receiving site. If however there are relay nodes involved because 
the connection between locations A and B cannot be made directly, the information in 
those relay nodes only goes up into the third layer (Network) so that determination of 

outing can be made... An example of this process is shown in figure D-2. 


USER - A USER - B 


RELAY RELAY 
NODE NODE 


| 
Message Relay 
Figure D-2 


some of the standards for the different layers have already been established and are in 
common use today, especially at the lower levels. As can be seen from the Diagram in 
Figure 0-3 at the lowest levels we have the physical interfaces such as RS-232 and 
CCITT X.21. The IEEE 802.3/.4/.5 are included because they meet the requirements for | 
the physical connection of the OSI standard. 
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Level 


Electronic Mail Process Control 
File Transfers Robotics 


Virtual Terminals Graphics 
CAD/CAM Document Exchange 


RS ASCII EBDIC Binary Stream 


Data for specific Applications - FAX/Graphics/etc. 
ISO 8824 ISO 8825 
ISO 8072 ISO 8073 
| ISO INTERNET 8473 
ISO 8348 ISO 8473 -X.25 
2 | IEEE 802.2 (LLC) HDLC 
ISO 8802 
IEEE 802.3/.4/.5 COMA} 
RS232 RS449 ISO 8802/3/4 


Layer Specs & Descriptions 
Figure D-3 


At the second level the set of protocols that provide this link are HDLC (High Level Data 
Link Control) which is used for packet networks, for which many subsets have been 
defined such as SDLC from IBM. At this level there are options allowing multilink 
communications or splitting a single communication across multiple physical channels. 
This level of control is connection oriented, connectionless, and single frame 
transmission. What connection oriented service means is that a connection must be 
established between the two end systems before initiation of communications. The 
connection can be a physical one (actual wires) or a virtual one (predetermined routes 
through which packets will be moved from end to end on possibly different circuits). 
This is like making a telephone call where the circuit is established when you dial and 
then a conversation can take place over the two parties connected. The path may be 
different each time you dial. 


OS ae ve oe 


nodes in between on a predetermined basis, or each node can determine the next path to 
take when a packet enters that node. This is like mailing a letter which wil] be moved to 
its destination regardless of any other letters sent to the same location, regardless of 
which route is taken. 


In single frame transmission only a single frame is sent at a time. 
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Data Link layer protocols may have the ability to break up data into separate frames 
which are transmitted one at a time in order. Individual frames may require 
acknowledgment after receipt. If an acknowledgment is not received the packet will be 
retransmitted. In this way the Data Link layer provides packet flow control which in 
turn will allow the system to change speeds at either end. 


With regard to the network layer, its primary functions will include network 
connections, data transfer, reset, and connection release type functions. This is in 
conformance with the X.25 standard and the separate ISO standard *8348. At this level 
there can be many different types of networks. Therefore each family of protocols which 
are developed for use within this layer will have a unique identifier so that it can be 
identified and changed if necessary during the transmission of a message if required. 


At the transport layer ISO spec *8073 specifies multiple classes of protocols for 
connection oriented communications, while ISO *8072 specifies the types of service 
which must be provided at this level. Typically, Layer 4 protocols validate that data is 
not modified, duplicated, or lost in transmission. It also includes end to end error 
checking, or it can pass on the validation which may be provided in the network layer. 


At-the.fifth-level ISO *8326 specifies the type of service and ISO *8327 specifies the 
protocol. There is still alot of work being performed at this level of specification, but it 
will contain two separate subsets of service. First will be the session kernel for 
establishing and releasing a session while the second will be token management which is 
a request for use of resources that is added to the kernel. 


At the sixth layer ISO #8824 has been adopted which provides rules for defining and 
recording the meaning of individual messages. In conjunction with this are basic 
encoding rules which are defined by [SO *8825. These are rules to convert notation type 
descriptions into actual messages for subsequent transfer. 


As the top layer, the application layer involves the actual user application itself and 
includes the functions required for transfering files, accessing information, transfering 
jobs, manipulating data, message handling, virtual capabilities, and others. The 
application layer is normally oriented towards a particular type of business such as 
banking, automation, and electronic mail. 


Functionally, a message is generated at the user's application and is inserted at the — 
seventh layer. The application level adds a header identifying the appropriate _ 
parameters and sends it down to the sixth layer which puts its own header on. This 
continues with each level adding its own information on to the length of the message 
until it reaches layer two where it is put in a packet form with an X.25 transmission 
frame. The physical layer sends out a series of bits, and at the receiving end each 
individual piece of the header is stripped off as the information works its way back up 
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the ladder. Finally, the user's application at location B can look at the message in a form 
that can be directly utilized by the user at that location. 


Many people have found it hard to conceptualize this multiple layering of transmissions 
with each layer providing its own unique function. A good analogy to use to describe this 
for the functions involved is to describe the generation and transmission of a letter 
between two locations where the language spoken is different, such as the United States 
and Japan. Let us assume that a Japanese factory manager has read about a new product 
being manufactured in the United States, and he would like to obtain manufacturing 
rights for his company. The need for information is the application process which will 
generate a need for information to be obtained. The manager goes to one of his engineers 
who becomes the application layer in that the engineer will prepare the appropriate 
questions to be asked in the letter, especially about the technical aspects of the product. 
The engineer then gives the questions to a translater who will prepare the actual letter 
in English so that it not only utilizes the correct format but also provides the specific 
questions in English which will provide the information asked for by the Japanese 
engineer. This letter is typed in English which is a language common to both the 
transmitter and receiver. After typing the letter the translater gives the letter to a 
secretary who represents the session layer. The secretary makes a copy of the letter 
and validates the correct name and address of the recipient. At the same time she puts a 
copy of the letter in the New Product Request file. The secretary then brings the letter 
down to the mailroom manager who represents the layer. His job is to guarantee 
receipt of the letter in the U.S. He does this by first making a copy of the letter and then 
selecting the best path by which to send the letter which is accomplished by originally 
approving the physical connection and then providing a mechanism for validating receipt 
of delivery. He assigns a sequencing number to the letter which will identify it as the 
only part of this particular transmission and then sends it on to a shipping clerk who 
must establish the specific route over which the letter will be sent to the US. The 
shipping clerk is the network layer. He will pick the appropriate path and inform the 
mailroom manager of what that path will be. 


The shipping clerk decides that the best way to send the letter is to send it airmail to 
the company office in the city where,recipient company is and then have one of their 
employees hand carry it over to the company. This path was chosen especially to show 
both public and private facilities which could be used in conjunction with each other. 

The public service is the mail while the private service is the hand delivery by one of the 
company employees. The letter is then sent to the the packaging department which is the 
datalink layer. The packaging department makes a copy of the letter, puts the letter ina 
bag with other letters addressed to the U.S., and counts the letters in the bag. The count 
is then put on the package as a tag. The bag is then moved to the shipping dock which 
represents the physical layer, or interface to the physical medium through which the 
information will be carried. Regardless of the method of carriage (truck, plane, train, 
etc.), the message is now transmitted. 
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When the bag arrives in the U.S. the workers on the loading dock of the company wil] 
move the mailbag to the mailroom and count the letters in the bag. If the count of the 
letters in the bag does not match the count on the tag, the entire bag is determined to be 
invalid (because the specific letter missing is not known), and the mailroom in Japan is 
notified to send a copy of all the letters that were originally in that bag using the copies 
kept at the shipping end. 


This process is analogous to the “frame check sequence” which is performed by the Data 
Link layer. 


Once the mailbag has been validated as to receipt of all letters, the letters can be 
delivered to the appropriate people. In the case of the letter to be hand delivered it is 
brought to the company courier who will then hand carry the letter directly to the 
company who is manufacturing the product in the U.S. Delivery is made to the 
appropriate executive who then will read the message to determine what kind of answer 
will be forthcoming, and the process starts over again in the opposite direction. This 
process is shown in Figure D-4. 


There have been reams and reams of additional descriptions and explanations of the OS! 
model, especially as it applies to packet switching GaaMMMEB, and in addition there 
have been other protocols which are based on the OSI, some of which wil] be described 
here. 


MAP/TOP 


Directly related to the OSI model, and at the same time a subject of very hot debate 
today, is the Manufacturing Automata Protocol and Technical and Office Protocol — 
(MAP/TOP). MAP has been pushed very heavily by General Motors Corporation since 1980 
in an effort to automate the factory floor. In order to tie together computers, terminals, 
robots, management functions, etc., a common form of communications was needed 
because the various products were built by different vendors. In order for all of them to 
talk together to accomplish the automated factory floor, General Motors decided to 
encourage the use of a standardized interface which evolved into MAP. In order to keep 
as much compatibility as possible throughout the world it was decided to utilize the O35! 
reference model as a base for the MAP protocol. 
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LAYER TOP VERSION 1.0 MAP VERSION 2. | 
PROTOCOLS PROTOCOLS 


ISO FTAM 8571 ISO FTAM 8571 
File Transfer File Transfer Protocol* 


Limited File Management Manufacturing Msg. Format Std. (MMFS) 
_AS€Ettand-Binary-Data-Only. Common App. Service Elements (CASE) 
ISO 8649 


Null — Using ASCII and Binary Data Only 


ee 1SO 8327 — Session Kernel — Full Duplex 
a {SO 8073 — Transport Class 4 


150 INTERNET 8473 — Connectionless 
X.29 — Subnetwork Dependent Convergence 
Protocol (SNDCP) 


2 ISO 8802/3 — Logical Link Control (LLC) 
IEEE 802.2 Type! Class | 


ISO CSMA/CD 8802/3 ISO Token Passing Bus 8802/4 
IEEE 802.3 IEEE 802.4 


* File Transfer Access Method 


MAP / TOP MODEL 


Figure D-5 


As an outgrowth of the MAP project, the Boeing Corporation has been urging the use of 
the TOP protocol for office environments. Because the two environments are oriented 
towards different functions and have different requirements they are complimentary but 
are not exactly the same. One of the primary areas of difference is in the lower levels of 
OSI where, because of time constraints, MAP utilizes a token passing scheme to 
guarantee access by all devices on the bus connection, while TOP utilizes. a CSMA/CD or 
Collision Detection mode of information transfer. There are also dif ference at the top or 
application level which are unique to both areas of implementation. A comparison of the 
two protocols is shown in Figure D-5. 
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As can be seen Layers 2-6 are the same for both the protocols. At the physical layer 
(Layer 1) IEEE 802.3 was selected for TOP for the primary reason of ease of conversion 
between TOP and ETHERNET type Baseband networks, which are predominantly used in 
office environments for moving files and messages and priority is not critical. MAP on 
the other hand uses IEEE 802.4 which is the token passing scheme that guarantees 
priorities and maximum calculable delays between times that a device will have access 
to the bus. At the top level TOP uses primarily file transfer and limited file management 
Capabilities while MAP uses a series of application oriented protocols like MMFS and 
CASE. These latter two protocols are also ISO standards but are not necessary for use 
within TOP. 


At Layer 6 (presentation) the protocols list a “null” as that level protocol. In actuality 
nothing takes place at this level from a functional point of view because the application 
level already uses binary or ASCII code in all locations, making the need for conversion 
unnecessary. Layer 6 is kept in the diagram so as to maintain conformance with the OS! 
model. All it really means is that there is no change in the form of the information 
between Level 5 and Level 7. 


There has been a considerable amount of documentation and meetings taking place 
regarding both of these protocols with the tendency of some of the larger companies to 
go with MAP for their factories, Chrysler being a notable exception at the moment. The 
economic impact of the larger corporations pushing MAP especially will probably mean 
that vendors will come out with MAP compatible products because they obviously would 
like to sell into that market. TOP, being newer (1985), still does not have the economic 
push, but it seems that many user organizations are also looking at long term 
compatibility between office products and are therefore beginning to look for 
conformance to some standardized communications interface. 


Diagram D-5 shows the 2.1 version of MAP, but there is a newer version called 3.0 which 
is expected out momentarily which is expected to incorporate some changes at the 
application level. The big change that is expected is in FTAM (File Transfer Access 
Method) where under MAP 2.1 two different file structures are supported, while in 3.0 it 
is expected that five different file structures will be supported. This points out an area 
of potential danger for implementors of both MAP and TOP, that is the continuing 
evolution of the standards. It would be quite possible to implement a system on a 
particular level version of MAP or TOP and then find out within a short period of time 
that the new version of the spec has an upgraded or more defined level of definition for 
one of the layers which might cause an existing system to be incompatible without the 
Capability of being upgraded. It is for that reason that Chrysler Corporation decided not 
to use MAP in some of their recent factory installations. They have not said they will 
not use MAP, they only said it was too early to make a final commitment. 


There are user's groups that meet on a continuous basis, and if a potential user is 
interested in a potential use of MAP or TOP they should join one of these groups to find 
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out the latest information and make their own decision regarding whether to implement 
them or not. 


IBM ACTIVITIES 


As the end user well knows IBM has usually taken their own path when developing new 
products and services. This is especially evident in the communications world with the 
evolution of System Network Architecture (SNA) which was first announced in 1974. 

SNA is a comparable architecture to the OSI model, but it is not compatible, and for many 
years IBM has purposely kept them apart. More recently however an organization has 
been formed in the U.S. called the Corporation for Open Systems (COS), and although IBM 
was not one of the charter members, they have subsequently decided to join. Today there 
are more than forty of the largest companies in the United States as part of COS and 
their charter is to provide for the introduction of interoperable, multivendor products 
and services operating under OSI/ISDN/ and other international standards. Also within 
their charter is to develop the necessary test standards to validate that new products do 
meet the specific standards required. At the moment COS would like a certification 
program, and they are in the process of trying to formulate the ground rules for it. 
Because standards are not true standards unless agreed to by all potential users, COS is 
trying to work with SPAG in Europe and Sigma in Japan while working for the same 
objectives in those geographic areas. Apparently, IBM feels that there is a tremendous 
market in the world for additional products and services, so rather than fight everybody 
else, they have joined, but in all likelihood, they will push for standards which are closer 
to their own developed standards at each level where applicable. 


Also in the IBM world there are a whole series of new offerings which indicate IBM's 
evolutionary path towards communicating between multiple diverse products of their 
own. Listed below are some of the key products in that environment. 


DCA — Document Content Architecture - This defines a uniform method for 
describing the content of a document with respect to formatting that 
includes headings, centering, highlighting, and pagination. Documents in 
DCA can be in either draft or final form. DCA describes the content of the 
document itself, and it usually used in conjunction with the next program 
called DIA. 


DIA — Document Interchange Architecture — This allows the interchange of 
documents or information across a network in either a draft or final form. 
When utilized with DCA, DIA is analogous to the envelope in which the DCA 
document is to be sent. Transmission is allowed to multiple destinations 
and there is also an access to DISOSS provided. 


DISOSS - Distributed Office Support System — This is an application program that 
normally resides in a host processor. It provides for the storage, retrieval, 
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and distribution of documents created by IBM products which have APPC (see 
next paragraph). Typical examples of DISOSS software are the 5520 
Administrative System, Scan Master One, and Display Writer. 


APPC — Advanced Program to Program Communications — This software provides 
for what is known as Peer to Peer Communications at a remote terminal 
level. Wheretas the SNA world fs hierarchical and defines structures, 
formats, rules, controls, operator requirements, and management for control 
of sending data in the network, APPC allows terminals to talk directly to 
each other. Work stations will no longer need to emulate a 3270 terminal. 
In the SNA environment there are two important definitions. Logical Units 
(LU) represent users which are either people or a specific application 
program, while Physical Units (PU) represent the network communication 
devices and are called Nodes. PU 2.0, for example, describes a cluster 
controller such as a 3274 or 3276 and also a batch terminal like a 3770 
while PU 1.0 describes an individual device like a video display or printer. 


The current version of these packages, umm contained in LU 6.2 where two 
devices can communicate with each other directly tim either one can 
initiate a session. This is different than SNA where the initiation of a 
communication is the responsibility of the primary LU (SNA is hierarchical). 
PU 2.1 is the version utilized here which connects a node to a mainframe. 


The standardized interface to a SNA network is called a Protocol Boundary 
which is rigidly defined in LU 6.2 and it is called an Application Program 
Interface (API). This will allow LU 6.2 to be product independent. 


By using LU 6.2 with the PU 2.1 subset intelligent work stations can 
communicate with each other instead of going through the hierarchical path 
which was previously required under SNA. The users are linked through 
what are called LU to LU “sessions”. 


APPN — Application to Application Networking — This is a description of a process 
which is one level up from APPC in that it divides the SNA network into 
two classes of network nodes. The Subarea Nodes are SNA hosts or 3720 
communications controllers. They are statically defined by tables within 
each Subarea Node and are established one time by an operator. The 
peripheral nodes do not participate in any intermediate routing processes 
and are typified by a 3274 controller, System 36, or a PC. These peripheral 
nodes can be dynamically reconfigured by updating the tables in all the 
nodes when a new peripheral node is added. This will be done through 
enhancements to LU 6.2 and PU 2.1. 
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In coming up with the development of LU 6.2 IBM tried to have LU 6.2 defined 
as the presentation layer of the OS! model, but this was defeated. Still 
because of the huge market for IBM equipments, in all probability there will 
be many LU 6.2 compatible devices being built by other vendors as well as 
standard OSI compatible devices. 


SNADS — System Network Architecture Distribution System — SNADS provides the 
Capability for non-real time delivery of information between users. This 
means you can generate a document for transmission which can be sent into 
the network through SNADS and the intended recipient does not have to be 
active at that time. SNADS will deliver the document later. This is much 
like a messaging system, and it is very much like CCITT Spec X.400. If DCA 
is equivalent to the letter, DIA equivalent to the envelope, then SNADS is 
equivalent to the mailman. 


CCITT X.400 — This is a messaging protocol which is equivalent to the seventh 
layer in the OSI model. Although not an IBM product, IBM did demo an X.400 
gateway to what they called Profs (Professional Office Systems). X.400 
was issued in 1984 as a mechanism for integrating voice, data, and imaging 
messages across diverse networks. The primary application for this is 
electronic mail. As an upgrade to electronic mail, which is not used as 
often as desired because of the diversity of message types, X.400 provides 
the necessary standard to allow interchange of messages between different 
Kinds of networks. 


X.400 incorporates “Suites” or “Groups” of protocols to provide internetwork 
compatibility at different levels. This includes the message composition, 
format, envelope, and addressing. It operates at the sixth and seventh 
levels of the OSI model (presentation and application layers). It is being 
supported by more than forty of the large equipment vendors especially DEC 
and COS also. To make the X.400 implementable without too many options it 
is avery rigidly defined spec. Software to support this is expected in 1987 
although DEC says they have an x.400 compatible device today. 


While talking about X.400 it should be mentioned that CCITT X.200 is their 
formal adoption of the OSI model. 


Profs — Professional Office Systems — This is both a text and management support 
system for host VM operating system software. It provides for the interface 
between office systems and a host processor. 
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STANDARDS 


One of the questions that comes up very often regarding the use of different protocols is 
what standard do they meet and are they interchangeable. Typically, they are not 
interchangeable but they can be described as belonging to one of three primary 
categories of protocols. They are character control, character count, and bit oriented 
protocols. Listed in Figure D-6 are the standards established by the different standards 
setting organizations. ECM! is the European Computer Manufacturer's Association while 
the others are self-evident. 


CHARACTER CONTROL CHARACTER COUNT BIT ORIENTED 


POPES EPSPS EPAPER SDE NP DEPRESSED ERASE SPSS PEEPLES INNIS SSDONSDEEPE SASPEPEEE SPRPNESSD ENP A NSEPDPOIS 


ANSI X.3.28 DEC DDCMP ANSI X.3.66 (ADCCP) 


PISO 1745/2111/2628 ISO 3309/4335/6159 
2629 Basic Mode 6256 (HDLC) 


ECMA 16/24/26/27/ CCITT X.25 LAP/LAP B/ 
28/29/37 X.75 LINK LEVEL 


IATA SLC ECMA 40/49/60/61/ 
72 (HDLC) 
IBM Bisync 
U.S. Gov't. Fed Std. 1003A 
FIPS 71 


IBM SDLC 


Burroughs BDLC 


Univac UDLC 


PROTOCOL STANDARDS 


Figure D-6 
FLOW CONTROL PROTOCOLS 
A type of protocol that was left out of the original text, and one which is getting a lot of 


use now in the PC world is the flow control protocol. These consist primarily of low 
speed asynchronous type communications between PC's and peripherals, but is also 
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applicable when terminals are talking to computers. What flow control means is to 
allow transmission on a continuous basis until specifically told not to transmit any 
more. One of the most common of these is the so called "X ON/X OFF" protocol. This-is. 
also Known as an inband protocol because an ASCII character is used to define the X ON 
and X OFF functions. An X ON character is sent by a device to let another device know 
that it can accept data at any time. The X OFF is sent when data can no longer be 
accepted. Typically this is the sequence of events in a terminal to a printer 
communication where the printer sends an X ON when it can receive data in its buffer and 
an X OFF when the buffer is filled. This cycle continues until the entire message is sent. 


A second form of flow control protocol is called DTR ON or DTR Protocol. DTR is a signal 
at the RS-232 interface and is the Data Terminal Ready signal. When the DTR signal is 
high it means that the device can accept information. When the DTR signal is off, it 
means that the device can no longer accept information. This can operate the same way 
as X ON and x OFF in that as a buffer is filling in a printer the DTR can be high, and as 
soon as the buffer gets full, the DTR signal can be turned off. 


A third form of flow control protocol is called the ETX/ACK which is an acronym for End 
of Text/Acknowledge. The ETX/ACK is also similar to X ON/X OFF in that it is a software 
type flow control. In this case the data must be sent in a block of a predetermined 
length which is defined based on the size of the buffer in the device to which 
information is being sent. A block is sent in the predefined length, and then an ACK must 
be returned by that device before another block of the same length can be sent. The block 
is sent with an ETX character at the end regardless of the length, as long as that length 
does not exceed the buffer size. The transmitting device will then not send any 
additional data until the recipient sends an ACK character back. 


PC PROTOCOLS 


The majority of PC interfaces to the communications network nave been low speed 
asynchronous TTY compatible like protocols direct to a device that could communicate 
utilizing the same protocol. TTY protocols have serious limitations in that they cannot 
tolerate line turnarounds, and therefore must be used with full duplex modems. !n 
addition they have no method of error detection and correction. As such the majority of 
PC communications have to be validated either by applications software or the operator 
who is both entering and receiving information. This is obviously a very dangerous way 
to transmit information if you are moving files from one location to another without 


operator intervention. 


In response to the limitation of not being able to check for errors, some vendors have 
written separate software packagees to be utilized by both ends of the circuit, while at 
the same time, some modem vendors have come out with a methodology for transmitting 
and receiving transmissions, detecting errors, and then retransmitting a block of data in 
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the event that block was received with an error on the previous transmission. There ons 
really two different Kinds of protocols and they are described below. 


-X.PC - This is a public domain protocol which is receiving enthusiastic support 
from TYMNET. It is excellent for use in communicating with the packet 
network, in that the transmissions to and from the end user to the packet 
will be validated, and you don't have to wait for the host CPU to reject a 
transmission before you find out something was entered wrong. This is a 
very efficient protocol that allows two way file transfers. 


MNP (Microcom Networking Protocol) — Until recently this was a proprietary 
protocol but is now available for a $100 documentation fee. It is efficient 
for two way file transfers but does not support multisessions as X.PC does. 
MNP and X.PC are at present vieing for which will be the most used PC 
protocol. 


X MODEM — This is a public domain protocol which is relatively inefficient and 
provides for one way file transfers only. X MODEM cannot be used in an 
unattended mode. 


t" BLAST — Blocked Asynchronous Transmission — This requires software at both 


yi ends of the connection where the transmission can be in a virtual file 
fs format. BLAST is proprietary and with its limited usage to date it is not 


Bi, likely to become a standard in the future, even though it is very efficient 


for two way file transfers and provides support for most PC’s and Mini's. 
BLAST is supported TELENET. 


, Kermit - This is a public domain software package that allows one way file 


transfers. Although not widely used, it enjoys the enthusiastic support 
from those individuals who do use it. 
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Typical Prices for Value-Added Network Services 


Network 


Traffic 
Charges 


Asynch 
Terminal 
Connect 
Charges 


Dial-up 


Private 


Synchronous 
Host 
Access 
Charges 


HEQURGGEUOLUUDUUOUUOEUUURGUEGOUUOURACULCUCRUGE GO COCUAUTADTOORTCGR UCU TUCGNCARCUARCUGRREO COURS UAC ROU ULC GNU RNO HOUTA EEUU RC RAORE RA ORRERNR CRA GECHUACO DA TLGRR CECT CEU TRORACOCUONGCTACU RC COR CEA CURCUNOGTUGRRCALGHRONGCUCORCU dea TNA 


Telenet 


Tymnet 


Uninet 


Autonet 


First 1500 
packets 
included in 
dial-up fee, 
then $1.70 
per 1000 


$.01-$.05 
per 1000 
characters 
Depends on 
time of day 


$.01-$.05 
per 1000 
characters 
Depends on 
amount of 
traffic 


$.03 per 
1000 
characters 


$6.04- 
$13.91 
per hour. 
also in 
minutes 


$2-$ [ileZ5 
per hour 
Depends on 
location 
and time 


S102 
$3.50 

per hour 
Depends on 
location 
and time 


$3-$4 


depends on 
speed 
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Valid - June 1986 


$500 for 
installation 
$290-$750 
per month, 
depends on 
location and 
facility 


$500 for 
installation 
$250-$450 
per month, 
depends on 
location 


$500 for 
installation 
$225-$425 
per month, 
depends on 
location 


$500 for 
installation 
$250-$275 
per month, 
depends on 
Speed 


$400 for 
installation 
$800-$1100 
per month 
Depends on 
number of 
ports 


$750 for 
installation 
$300-$600 
per port 
per month 


$500 for 
installation 
$900 per 
port per 
month 


$1000 for 
installation 

$ 1800-$3000 
per month 
depends on 
number of 
ports 


pete es 


3500/1200 BPS 


a Bee bast Dy ot Pe it oe et bed Bon | 


TTY | a 
280 0M See 


PACKET 
Na als 


2400 bps 


& up 


nes oy cr 
Protocol Conversion "ca 
Boo bezePr es: 
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